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"PROCEEDINGS | ‘OF THE SOCIETY FOR | ANALYTICAL 


“AN Ordinary Meeting of t the 1e Society, organised by the Physical Methods _— was held 
at 7 p.m. on Wednesday, April 2nd, 1958, in the meeting room of the Chemical Society, 
Burlington House, London, W.1. — The Chair was taken by the President, Dr. J. H. Hamence, 
woe The subject of the meeting | was “Gas Chromatography,’ and the following papers were 
presented and discussed: Introductory Talk by C. S. G. Phillips, M.A.; “Applications of 
Gas Chromatography in the Halogenated Hydrocarbon F ield,” by R. Hill, B.Sc., A.R.LC. - 
Chromatography in the Petroleum Industry,” B. Sc. 
~NEW MEMBERS | 
Philip: Atherton, A.R.L.C., A.R.T.C. S.; Thomas William B. Se. (Lond. F. R. 
‘Chani Lal Chakrabarti, B. Se. (Calcutta) ; Isaac Hodara, M.Sc. (Jerusalem) ; Edward Albert 
Hontoir, B.Sc., A.I.M.; Jeffery Michael Llewellin, B.A. (Cantab.); Fred Ridgw ay, BSc. 


(Lond.) ; Allan Sc. Se. (Dunelm.), A. -R. 1 BS Sc., a 


"Terence 1 Dwyer, 


We 1 ‘record with regret the death of ad 


AN Ordinary Meeting of the Section was held at 7 p.m. on Friday, February 28th, 1958, 
in the George Hotel, George Street, Edinburgh. The Chair was taken by the Chairman 
of the Section, Dr. Magnus Pyke, F.R.I.C., F.R.S.E. 
A lecture on “The Solvent Extraction of Metal Complexes”. was given by F Cc. 
THE third Annual ais ie ‘Meeting of the Section was held ¢ at t 6. 30 p.m. on Tuesday, March 
|) 4th, 1958, in the Mason Theatre, The University, Edmund Street, Birmingham, 3. The 
u Chair was taken by the Chairman of the Section, Dr. R. Belcher, E.R. .C., F.Inst.F. ‘The 
following appointments — ‘were made for the ensuing year: :—Chairman—Dr. R. Belcher. 
-Chairman—Dr. S. H. _Hon. Secretary—Mr. G. W. Cherry, 48, George ‘Frederick 
Road, Sutton Coldfield, Warwickshire. Hon. Treasurer—Mr. F. C. Jj. Poulton. Members 
of Committee—Messrs. A. S. Beidas, H. E. Brookes, W. T. Elwell, J. R. Leech, W. M. Lewis, _ 
Dr. Alison M. G. Macdonald, Messrs. R. Sinar and J. H. Thompson. . Miss M. E. Tunnicliffe © 
An Ordinary Meeting of the Section was held at 7 p.m. on Thursday, March (13th, 1958, ‘s 
in the Gas Showrooms, Nottingham. The Chair was taken by the Chairman of the Section, 


4 


| 
q | 
| 
4 
| 
| 
Te | 
Lew 
| 
| 


The followi ing was presented and discuss sed 


A! oon ae the ae and the South Wales Section of the Royal Institute of 
_ Chemistry was held at 6.30 p.m. on Friday, March 14th, 1958, at the Chemistry Department — 
Theatre, University College, Singleton Park, Swansea. The Chair was 
the Chairman of the Western Section, Mr. S. Dixon, M.Sc., F.R.I.C. 
__ A lecture Pon “Sequestration and its Analytical Applications” was given by ™ Smi 
Rt Fourteenth Annual General Meeting - of the Saab was held at 6.30 pa m. on Friday, — 
age 7th, 1958, in the meeting room of the Chemical Society, Burlington House, London, | 
W.1. The Chairman of the Group, Mr. D. F. Phillips, F.R.I.C., presided. The following — 
Officers and Committee Members were elected for the forthcoming year:—Chairman— 
Mr. D. F. Phillips. Vice-Chairman—Mr. F. Holmes. Hon. Secretary—Mr. D. W. Wilson, — 
Department of Chemistry, Sir John Cass College, Jewry Street, Aldgate, London, E.C.3. — 
Hon. Treasurer—Mr. G. Ingram. Members of Committee—Mr. E. Bishop, Mrs. D. ‘Butter- 
worth, Messrs. R. Goulden, A. Hunter, C. Whalley and C. L. Wilson. Dr. L. H.N. 
and Mr. H. Childs were re-appointed as Hon. Auditors. 
an The Annual General Meeting was followed by an Ordinary Meeting of the Society, 


Tt 

sixty-first Ordinary Meeting of the Group was held at 6.30, p. m. on 

*~ 18th, 1958, in the meeting room of the Chemical Society, Burlington House, , London, W.1. 

‘The | Chair was taken by the Chairman of the Group, Mr. R. A. C. Isbell, A.Inst.P. wit 

___- The subject of the meeting was ““Solid- -source Mass Spectrometry” and the following © i} 

papers were presented and discussed : “‘Solid-source Mass Spectrometry—Instrumentation,” 

by G. H. Palmer, B.Sc., A, Inst.P. ; ‘Solid Analysis Using a Spark- source Mass 

_ by R. D. Craig, B.Sc.; “Stable-isotope Dilution Anslyda, by R. K. W ebster, B. A. (see Jp; 

‘SOLID-SOURCE M. Ass SPECTROMETRY INSTRUMENTATION 


Mr. G. H. Pater described the techniques in mass spectrometry for the 
- analysis of elements available as solids having very low vapour pressures. A com- 
ead parison was made between furnace and thermal-emission ion sources and a description — 
_ was given of how the latter source could be used in conjunction with a high- sensitivity | 
jon collector to analyse sub-microgram amounts of material. The causes of error in 
__ the measurements were examined and methods for minimising these errors were described. — 


_The main features were giv en of a modern instrument routine 


4 


ANALY rsis USING A SPARK- -SOURCE ‘Mass 
R. Crate described a a spark- source mass sp spectrometer, type. M.S.7, 
= oininee to the geometry of Mattauch for use with either photographic or electrical | 
detection, which had been developed for the general analysis of solids. 
x — instrument had been widely applied to impurity analysis with photographic 
_ plates as detectors. An exposure range of at least 10° to 1 could be attained, and the 3 
| ia sensitivity was such that impurities di down to the level of ¢ 0-01 p.p.m. . could b be detected 
‘The use of the technique for impurity analysis was indicated in four main fields — 
of application: (i) general metallurgical problems (e.g., , steels; nimonic alloys), (tz) pure 4 
(e8-, silicon). 
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i Mr. R. K. WEBSTER said that the method of stable-isotope dilution had been 
S used as early as 1935 for hydrogen determination, but for a number of years it had been — 
restricted to the few elements for which enriched isotopes were available. The develop- 
ment of solid-source mass spectrometers and the use of electromagnetic separators to 
il prepare enriched isotopes had permitted a large expansion of the method in the last | 
ten years. The author described the basis of the method, its scope and its limitations. 
a The method was very sensitive, and limits of detection in the range 10-* to 10-" g were 
a. feasible for many of the elements. It was also very specific, and one of its chief Pcl 
_ was the nearly complete freedom from interference problems; as a result it was one — 
of the more accurate general methods of trace analysis. The main drawback was 
’ - contamination, either from reagents or from the atmosphere, and it was often this . 


i method seemed to lie in the Getumiaalien of trace concentrations, | or higher concen- — 


if trations when only very small samples | were ar available; it could also provide standards 
for other methods of analysis. 


AN Ordinary Meeting of the Group was held at 6.30 p.m. on Wednesday, February 19th 


1958, in the restaurant room of “The Feathers,” Tudor Street, London, ECA. 4, ‘Th he Chair 


was taken | by the Chairman of the Group, Dr. S. K. Kon, F.R.I. eh i, iene 
_ _A discussion on “The Stage at w hich a Biological can was 
M. Perry, O O.B.E., M.D. 


om 


ULIA 


ae Baker was born in London on gee abd 24th, 1873, and educated at the City of 
London School, to which he was unable to return after the Easter vacation of 1888, as he 

_ thad been in contact with a case of scarlet fever. This proved actually to his advantage. a - 
_ #Knowing that Julian was set on becoming a chemist, his father consulted R. Jj. Friswell, 
'jthen managing chemist to the old dyestuffs firm of Brooke, Simpson and Spiller, and Frisweli. a 
jadvised having the boy coached for the next entrance examination to Finsbury Technical 


i E \College, where Meldola, who had formerly been on Friswell’s staff, had recently succeeded 


Armstrong .as Professor of Chemistry. ‘The he boy passed in, as he would not have done had 
; _ At Finsbury in the eighties, the chemical students had not only their _ to look 
Ito, for Meldola had on his staff Streatfeild and Castell-Evans. What the students thought — 
‘lof Streatfeild is shown by the institution of the Streatfeild lectures. If Castell-Evans was 
_ Hless spoken of, he was not forgotten, as was shown by M. O. Forster in the course of his 1938 — 
'Streatfeild lecture. M. O. Forster was a man of Baker’s year and remained throughout his 
ife one of the most intimate of Baker’s friends. G. T. Morgan was Baker’s senior by a year 
t Finsbury, but was another life-long friend. It was during Baker’s time at Finsbury that _ 
leldola invited E. R. Moritz, the well-known consulting brewer, to deliver five lectures on 


> Young Baker was kept at Finsbury for three years, the normal course in those deve _ 
eing of two years only, but he had been very young at entrance and was still under nineteen e 
when he was appointed assistant chemist to the London Beetroot Sugar Association, under — 7 
R. Ling, _ who subsequently became Professor of Brewing at Birmingham. | "Association 
vith such a man as Ling was another piece of good fortune. Ling had been one of Armstrong’s be! 
arliest pupils at Finsbury and Armstrong kept in touch with such of his old students as 
_ gould be persuaded to engage in some research, so far as their other duties permitted. Thus — 
_ Armstrong would drop into the laboratory of the Sugar Association and advise all young ee 
en as to what they might usefully do. So began that long intimacy with Armstrong that a0 
‘fas led the writer of another obituary to state that Baker was one of Armstrong's students. 
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That never was, he was one of the the old man even when a 
oh sick man. At first Ling and Baker published work on the halogen derivatives of quinone, 
_ but their interest lay increasingly in the degradation of starch. They published one or two 
papers on this subject, but were not encouraged to work in this field, which some of their} 
thought should be reserved to Horace Brown. 
__ In 1900 Baker, who had been for some time chief chemist to the Sugar Association, | 
dia what he had long hoped to do. He gained entrance to the brewing industry, being 
le - appointed chemist (at first, sole chemist) to Watney, Combe, Reid and Co. Before taking 
_up this appointment, he spent some months in the laboratory of Adrian Brown, , then Professor 
of ‘Brewing at Birmingham, and thus began another life-long friendship. 
His duty to his Company permitted him to publish many papers in the chemical and 
brewing journals. His services to his Company may be judged by outsiders by the facts 
that he deferred his retirement until after the war and that for many weeks he and his 
chairman, a near neighbour and as old as Baker, drove daily between Maidenhead and_ 
when railway services could not be depended on. From until 1948, he edited 
the Journal of the Institute of Brewing, 
_ Baker had been a Member of the Council of the Chemical Society and of the Institute} 
« of Chemistry as well as a Vice-President of the Society of Chemical Industry and of the} 
Institute of Brewing. As Honorary Secretary of the London Section of the S.C.I. in 1905, 
he was largely responsible for the success of the (for those days) ambitious programme for | 
the Annual Meeting of the Society in London. Those were days. - Members went by launch 
7 to —— to be shown over the ‘Arsenal, alll the men of the party in frock coats and 
iar Sani « was one of the few F insbury men to be elected a Fellow of the City | and Guilds’ 
of London Institute. Another honour that fell to him and ~ him pleasure was the award 
the Horace Brown Medal of the Institute of Brewing. 
3 Aged 84, he would sometimes say, after visiting his London club, “I hardly s saw a mani 
I knew.” But a generation ago, among a crowd of chemists, the writer remembers reflecting 
i that ‘“Baker seems to know everyone here and everyone knows Baker.” No one who saw 


_ Baker at work in his laboratory, or for that matter in his garden, which he loved, can have : 
to note that he had very nice hands. 


ae He married Eveleen Daniels i in 1901; she died in 1945. Ride 1948 he married } Mrs. Catherine 4 


Re Recent Developments i in Chelatometry* 


(Ana nalytical Laboratory of the Czechoslovak of 

Bed than ten year years s have passed since. Professor Schwarzenbach of Ziirich surprised the 
analytical world with his volumetric determination of calcium and magnesium.’ As is welll 
damn this was based on the use of a standard solution of disodium dihydrogen ethylene-| 


diaminetetra-acetate—a reagent now known by a variety of names, the commonest being 
‘Complexone” or EDTA. _ As indicators for these titrations, he suggested Eriochrome black 7 
and murexide. Schwarzenbach not only thoroughly studied the physico-chemical properties 
_ of the reagent and its complexes, as well as of a number of related compounds, but also lai& | 
- the foundations of a new branch of volumetric analysis—complexometry. The extent tq 
_ which this unique new method underwent development and gained acceptance within a ver 
Short time is without parallel in the history of analytical chemistry. To-day, both the 
i _ principles and the experimental techniques of complexometry are so widely known that i 
will surely be unnecessary for me to deal with these aspects. 
__In a certain sense, complexometry is now at the peak of its dev elopment vig have ir 

_ mind the number of cations (or anions) that can be determined by this highly elegant methodg 
gases, the whole Periodic “of the comes within its for th: 
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‘silicon. Jims This v very universality, however, o1 on the other hand, seriously hampers eee 
to determine a given metal in a more complex solution—a common reqpuremnent, for instance, 
in the analysis of alloys, ores, minerals and many similar materials, © 
} Many theoretical analysts regard the universal nature of the method as a serious q a 

drawback, and they belittle its practical significance by pointing out that any complex- | 
forming reagent might be used in a similar way, by reference to the obsolescent theory of 
functional analytical groups, and so on . However, it would be pointless in this lecture a . = 
_ The main aim of complexometry at the present time i is to find ways and means m 
rofessor | carrying out complexometric titrations with the maximum of selectivity. The problem is — 
| best dealt with if we analyse the factors that may affect, or prevent, complex formation by — i 


cal and} individual metals in solution. _ The most important of these factors will no doubt be pH 
ie facts} and the presence of of strongly complex- -forming agents in the solution. _ Sen ea, 

ad and) snail EFFECT OF pH ON COMPLEX FORMATION By EDTA — 

gene. | — The stability of complexes f formed by EDTA is expressed by ‘their stability constant, 


nstitute 


ame for) (The: ionic charges are omitted here for the sake of simplicity.) _ 

The stability constants (or complexity constants), many of which have home carefully 
ats an 


_ measured by Schwarzenbach and his school under precisely defined conditions (for instance, _ - 
in decinormal potassium nitrate solutions), are a good guide in comparing the relative stability - 
of various complexes. The measured stabilities vary very greatly. The most unstable 


| 


| Guilds 


e award complexes are those of the alkaline-earth metals, , with pK values hardly reaching 10. Next 
em | | in the series are the complexes of manganese and bivalent iron (pK = 14). For the majority 


ya man) of metals, the pK values lie between 16 and 19. The most stable complexes appear to be ~ 
flecting | those of bivalent mercury, with a pK of 21, scandium and thorium (pK = 23), and indium, 
vho saw] ferric iron and tervalent vanadium (pPK= 25), 


__ The concentration term, [Y], in equation (1) is only identical with the concentration 
of free complexone in alkaline solution of a pH greater than 12, where ethylenediaminetetra- 
atherine} acetic acid is practically fully dissociated to the quadrivalent anion At lower pH 
| values, there will be an equilibrium between the individual ionic species formed by the | 
progressive dissociation of ED! rA so that the real concentration of Y* ions will be much 
lower than the concentration of free complexone. This must be taken into account in 
calculating the stability constants at any given pH. The relation between the concentration — 
_ of the ion Y* and the concentration of free complexone in its dependence on pH is the so- 


an have) 


By. dividing the nines constants defined by equation (1) | by the v: value of a; we get the 
. so-called pH-dependent stability constants. (The calculated values of a for various values — 
‘S 1S well of pH are shown in Table I.) If we take it as established that the lowest stability constant = 
thylene-| that permits complexometric determination is 108, then we can, by applying the a, function, © 
st being} readily derive the lowest pH value at which a given titration will still be practicable. Ringbom 
e black I) has plotted these values for individual cations in a curve that we shall refer to as Ringbom’ s- 
roperties} curve. Their course is analogous to that of the function a; and is shown in Fig. 1. 
also lai§ = Ringbom’s curve is very instructive. It not only permits us to estimate the lowest _ 
xtent tq pH at which a given cation can be determined, but also to what extent any other cation. 
in a very) will interfere with this iat. Asa corollary, it also demonstrates that there are 
both the ‘combinations of cations that will not be titratable in presence of each other however carefully 

the acidity is adjusted and maintained. The theoretical interpretation of Ringbom’s curve: 
is not, of course, precise. For instance, his calculations do not take into account the initial 
concentrations of the cations or the sensitivity of the indicator. However, the curve is 
» for the Bree... rom what I have said it might appear that the theory of complexometric titration is 
oron ang completely settled ai and that any _complexometric problem be by purely 
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ematical considerations, influencing the ‘‘useful’” stability. constant. There is a large 
« number of further effects, which, with certain re atte we include in a further factor B. 


e component ions of the complex and } 

ether effects. In practice effects are so interconnected that it would be quite | 

a waste of time to attempt their exhaustive physico-chemical treatment. For this reason, 

_ the effect of the factor B as a whole is evaluated purely empirically at present and is expressed 

_ in the accuracy of the results, the “ete of interfering effects, concentration limits for 
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Now, over the years | much com- 
plexometric indicators. More than one hundred been proposed for service 
eS as man somieene in more or less specific instances. These compounds differ widely not | 
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; ag Let us return now for a moment to Ringbom’s curve. As I have already pointed out, | ¢, 

: + _ this curve indicates the pH that must be chosen to eliminate interference by as many other | } 
cations as possible. However, a further j j nt is the availability of 
re 
fo 
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al 
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| spe 
in their structure, even in their m of action. They include a_ 
number of well known and simple compounds that form complexes whose colour can be 
ascribed to the deformation of the cation; examples are the reaction of salicylic acid or tiron | 
with iron. A further group of compounds may form coloured precipitates | or colloidal | 
solutions, or give rise to turbidity with certain cations or groups of cations. The largest 
group, however, are dyes that form soluble complexes differing in colour from the free dye; 


this group now includes also the “classical” indicators, Eriochrome black T and ead 7 
for this type of compound we have introduced the term ‘‘metallochromic indicator.” 


ig By reviewing the properties of these compounds we have arrived at certain conclusions 
regarding the structural pre-requisites of metallochrome action; these considerations in turn 
have stimulated the synthesis of a number of new compounds that have already -s ; 
themselves to be excellent indicators, with brilliant colour ir changes at the end-point. | 
eg All metallochromic indicators behave as acid - base colour indicators, under — 
q conditions at least, even though they may not be used as such for one reason or other. 
addition, however, the metallochromic indicators have marked complex- -forming» 
ee Be which are entirely absent in the normal run of acid - base indicators. More- z 
over, the complex- forming grouping must | be e attached directly t the conjugated system 


We further observe that the change i in colour induced i in a metallochromic indicator 
a. on formation of a complex lies within { the limits of the acid - base colour change. This 


a fundamental relation between or dissociation on one hand and 
_ formation of the complex on the other, 
Our conclusions regarding the mechanism ¢ of action of metallochromic indicators, 

a _ The colour changes of acid - base indicators are due to changes in the electronic _ 


4 in addition also forms part of a dahting group, then formation of a complex will lead - 


the same type of in the’electronic structure and hence also to the same kind 


_ This analysis indicates lip points ‘that ‘should be borne in mind in searching for, or 
"designing, new metallochromic indicators. Consideration along these lines led us to the 
conclusion that a dye system eminently suitable as a basis for the synthesis of metallochromic 
indicators was that of the sulphonphthalein and phthalein type; some azo dyes have also 
been examined in this respect. A suitable complex-forming group seemed to be the imino- 
diacetic acid grouping, which is in accord with Schwarzenbach’s experience. _ Even the intro-— = 
duction of the aminoacetic acid (glycine) grouping has been found to confer marked Pe. 

ae SOME NEW INDICATORS AND THEIR COLOUR CHANGES 


Perhaps I might now briefly some of the new indicators and demonstrate 
their end-point colour changes. 


is obtained by the condensation of cresol red with formaldehyde and iminodiacetic acid. In 
acid solution up to about pH 5-6 to 6 it is yellow; in alkaline solutions it has a deep reddish — 
purple colour. Its use as an indicator is therefore confined to the acid pH region. . The 
colour transition at the end- -point is extremely sharp, probably better than that of any | 
other indicator proposed sO far. ¥ ‘stability of the indiv idual indicator complexes 
is, of course, 
each metal. So far, titrations with this indicator have been described for bismuth at pH a 
1 to 2, thorium at pH 2-5 to 3-5 and for lead, zinc, cadmium, lanthanum and scandium at © 
pH 5 to 6, most conveniently in solutions buffered with hexamethylenetetramine. Excellent bd 

_ | results have also been obtained in the titration of mercury,‘ and an indirect method is available — ¥ 

- § for aluminium® based on the back-titration of the excess of complexone with zinc, lead or 
thorium salts. Kinnunen and Wennestrand® have shown that tin can be determined in its ~ 
alloys with copper by back-titration with thortam, the copper being screened with ‘thiourea. 
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am _ The same authors, in ‘unpublished work,’ have also shown xylenol orange to be an excellent 
: joe for the indirect complexometric determination of iron, nickel, cobalt, copper, quadri- 
-- valent uranium and vanadium, and tervalent chromium, indium, gallium and thallium. 
_ For the determination of titanium they recommend back-titration with a thallium!™! salt / 
: 4 at pH 4-4 to 5, and for aluminium back-titration with zinc acetate at pH 5 to 6 in ammonium | 
acetate solution. Nickel and cobalt can be determined in presence of each other by a rela- 
2 tively simple procedure. Kinnunen has also developed an indirect determination of phos- 
f _ phate? based on the precipitation of thorium phosphate with a known amount of thorium 
-. nitrate and back-titration of the excess of thorium with EDTA to xylenol orange; if copper 
— screened with thiourea the a can be used for the analysis of phosphor bronzes. __ 
ah. 


- ‘By suitable adjustments of the acidity, pairs s of metals such as bismuth and lead, an 
bismuth and cadmium can be individually determined in a single solution, = 


 - Xylenol orange is used as a 0-1 to 0-5 per bape or solution, which is s stable for 


ot 10 is prepared in the same way as xylenol orange, but from thymol blue as the starting 
material. This compound also retains the acid - base indicator properties of the parent dye; 

_ it is yellow in acid solution, turning light blue at pH 6-5 to 8-5 and grey at 10-5 to 11-6. 

_ Above pH 12-7 it forms a dark blue anion. It can not only be used in acid solution for titration 
of all cations mentioned under xylenol orange, but can also be used in strongly alkaline 
_ solution for alkaline-earth metals. Methylthymol blue undergoes a very sharp ‘metallo- 

_ chromic colour change from yellow to blue, this being the maximum possible range of the 


__ The men Ty wide pH range over which this compound functions as a metal indicator 


that occurs or zinc in ‘alloys, so on. 


CH, CH, wine 


5 


tio 


_—used as an antidote in lead poisoning—involving the titration of the excess of free com- , 
_ Plexone or calcium, and of the total complexone or calcium in a single solution." The indi- 
Ber can also be used for the titration of lead in urine, an ee" analytical index in 
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Aqueous solutions of methylthymol blue are not very ote: it is therefore more 
convenient to use an intimate mixture (1 + 100) with potassium nitrate. 
number of further indicators similar properties—xylenol purple, methy - 


) xylenol blue and others—can be prepared from other sulphonphthalein dyes; ; they have 
12 


pe Another dye system suitable for use as a basis for the sittin of new metallochromic _ 


indicators 3 is the phthalein system. The Mannich condensation with iminodiacetic acid can _ 
again be used to introduce the chelating group. Owing to the presence of a rather stable 
lactone ring, these indicators operate only in alkaline solution. This is not to say that _ 
no complex formation takes place in acid solution, but the cation on entering into the chelate 
complex is not capable of forcing the lactone Ting to open in order to form the coloured 
indicator ion. _ The first indicator of this group, Cresolphthalein Complexone or phthalein © 
purple, was prepared by Schwarzenbach some years ago.1* Its drawbacks as an indicator in 
the complexometric determination of strontium and barium are well known. The colour | 
effect at the end-point is merely hypochromic, i.e., there is a decrease in the intensity of 
the purple colour of the solution. The colour of the free indicator can be suppressed by the 


one of of alcohol, but this again may lead to precipitation, e.g., of barium carbonate. —_ 


. 


(Our new. new or Thymolphthalexone (IIIa) 
is the analogous derivative of thymolphthalein, has a great advantage in this respect. Its 
acid - base colour change lies at much more alkaline pH values, so that the end-point in the 
titration of alkaline-earth cations is marked by a sharp colour change from deep blue to 
greyish yellow or almost colourless. The corresponding derivative of Pare een aa 


‘CH,COOH 


4 


very interesting is the metal indicator derived in the same from 
fluorescein. This compound was first obtained—though evidently in an impure ete hy 
Diehl and Ellingboe** and has been marketed under the name Calcein. A much purer product _ 
has been obtained in our laboratories by Kérbl and called Fluorexone."* The compound — 
differs from the parent dye in showing in acid solution a green fluorescence that i is quenched _ 
by alkali; however, the fluoresence reappears if traces of calcium are present. The end- point — 

of a titration with complexone in alkaline solution is therefore marked by a quenching of 


| the fluoresence, and the resulting solution is almost colourless or 
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to the concentration of the indicator. - Spectral wlesmenniade have shown that there is no ‘the 
_ change in colour at the end- -point, , but only a sudden change in fluorescence. — Fluorexone § for. 
_ is a suitable “‘metallofluorescent” indicator for the titration of calcium in strongly coloured ] rea 
- solutions, and also serves for fluorimetric detection and determination ‘of minute traces of § of 1 
= In the synthesis of new indicators we are, of course, by no means limited to the line bec 
“d grouping formed by the phenolic hydroxy] group together with the iminodiacetic acid group. onl 
If other amino acids are used in the same type of synthesis, we obtain further indicators of | pH 
much greater selectivity. For instance, we have prepared compounds ¢ containing a carboxy- jist 
methylaminomethyl group in a suitable relationship to the phenolic hydroxyl group by using car 
i _ glycine in the Mannich condensation. The glycinethymol blue (II16)"” obtained by applying det 
i L this reaction to thymol blue is highly selective in its action. The ‘removal of one of the | of : 
a by - carboxylmethy! groups of the original chelating grouping leads to a decrease in the range | tha 


of cations with which the indicator will react, ~ and to a displacement of the pH stability so 
_ region of the complexes formed by others. | “Tn a weakly acid medium, the indicator will 
react with copper to give an intense blue colour. _ The reaction is very much more sensitive } ofc 
_ than that with ammonia or glycine alone. A very simple complexometric determination of 4} sys 
e - copper can be based on this reaction. Complex formation between glycinethymol blue and | con 
_ nickel takes place very slowly and only in presence of | high concentrations of the metal. | 
We can therefore use the indicator to detect traces of copper in the presence of nickel, cobalt | tior 
and other metals, and even for the colorimetric determination of copper. The recently | con 
_ prepared compound glycinecresol red also promises to have very interesting properties. | by 
_ By varying the amino acid component in the condensation we get a whole series of very | apf 
interesting derivatives, which me in the ehiciache of | their colour reactions and the — ) one 


q 
of complex formation. 


7 Pind. The third dye system that we have used as a basis for the construction of enctiitiaiiaditie the 


_ indicators is the azo- -dye system. The simplest compounds having metallochromic properties | can 
are two indicators'* in which the complex-forming grouping consists of two phenolic hydroxyl | 100 
: groups in ortho positions, viz., 3:4-dihydroxy-4’-nitroazobenzene (Va) and 3:4-dihydroxy- | 

_ azobenzene-4’-sulphonic acid (Vb). As had been expected, these compounds resemble in 
_ Many respects the indicator pyrocatechol violet, , which has the same chelating grouping. 


indicators in the complexometric determination of these metals. ote 


3: 3:4- 4-Dih droxy-4’-nitroazobenzene 3: Dihydroxyazobenzene- 4’ acid om 
‘The condensation with iminodiacetic acid or glycine can also be carried out in this dye | 
series. As examples I will mention naphthol violet! — and glycinenaphthol violet,” ‘which 


might find practical application to titrations in acid and alkaline solutions. 


Permit me now to say a few words about the screening of cations in a ennai 
titrations. By. using certain reagents capable of forming very stable complexes we can, way 
in principle, screen a number of cations and thereby make these titrations more selective. , _ 
d This approach is certainly very tempting, but also rather difficult. _ The screening reagent | 
must sat a number of conditions: it must form complexes that are many times more _ Fs ‘ 
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than those formed with EDTA, the complexes should be colourless and water soluble, their _ 
formation should be quantitative at stoicheiometric ratios and should proceed without side — 
reactions, and soon. Quite a number of such reagents are now known, but the use of most ; 
‘ of them is limited to the alkaline pH region. The use for this purpose of potassium cyanide, 
} ammonium fluoride, triethanolamine,” 2 : 3- -dimercaptopropanol”* and other was 
i As I have mentioned, with the introduction of new metallochromic indicators it has 
_ become possible to move outside the alkaline pH region in complexometry. — _ This leads not 
- only to new possibilities, but also to new demands being made for screening reagents f for this 
pH region. The state of affairs in this respect is ‘by no means satisfactory yet. - There | 
the possibility of screening iron by fluoride, copper by thiourea and mercury by thiosemi- a 
_ carbazide*5; this last reaction in particular is highly selective and makes possible the indirect | 
determination of mercury in the presence of practically all the other elements. Asanexample _ 
of the further possibilities that exist in this direction, I should like to show you a reaction - 
that might make it possible to screen bismuth and thorium in the presence of zirconium: 
so far this is only in the qualitative stage, es 
_ From the theoretical point of view a number of objections can be raised to the screening 
of cations in solution. It would appear necessary to calculate equilibria i in various complicated — 
systems, take account of the indicator sensitivity so on. In any case, this field of 
account does not, of course, exhaust the possibilities of complexometry. In solu- 
tions of a complex qualitative and quantitative composition we cannot usually resort to 
complexometry without previous chemical treatment. By this I have in mind the separation, _ 
by some means or other, uf various components of the solution. This can often be done by — 
applying classical methods such as those established in gravimetric analysis, or more modern 


separations can Pee be speeded up petra ier if we bear in mind the particular - 4 
| requirements and possibilities of complexometry. Often, for instance, it is quite unnecessary 

laboriously to achieve the complete separation of two components, but it is sufficient to reduce ‘rs 

the concentration of the dominant coniponent to such an extent that the residual amount 

can be dealt with by the usual methods of complexometry. This applies, for instance, to 

ion-exchange methods, which, incidentally, have not yet been applied in complexometry 

to any great extent. This and numerous other possibilities await development at the hands 
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HASLAM AND HALL: THE SEMI- ancno DETERMINATION o 

Semi-micro Determination of Chlorine 


“Poly(Vinyl | Chloride) | and Polymers 
(In mperial Ch Chemical Industries ‘Lid., Plastics Division, Welwyn Garden City, Herts.) aA. 
A semi-micro method has been developed for the he determination of of oe hon 
chlorine in polymers and copolymers of vinyl chloride. 
A sample of the polymer is fused with sodium peroxide in a small ue 
‘electrically fired bomb. After dissolution of the melt, removal of excess 
ar of peroxide and acidification, the chloride is titrated with standard silver 
in nitrate, use being made of an automatic titrimeter. 
_ RECENTLY we were called uj upon to o develop a very rapid method for the semi-micro deter- 
, _ mination of chlorine in small samples of poly(vinyl chloride) and related polymers, ¢.g., 
- copolymers of vinyl chloride with vinylidene chloride or vinyl acetate. A method applicable 
to large numbers of samples at one time when the amounts of sample available for test are 
- only about 20 mg was required. Methods such as the micro Carius test, which we have 
used for some time, were obviously inapplicable, owing to the rather long time required 
.~ the determination. Moreover, the method! developed by Soppet and one of us (J. H.) 
for the macro-determination of chlorine in polymers could not be used directly on the semi- 


id when a 15-¢ charge of sodium peroxide is used. Wes 
"aa Attempts to apply Bather’s method? on the micro scale to the problem were unsuccessful; 
- a the results were invariably low whatever concentration of sulphuric acid was used in the 
breakdown of the polymer with ammonium ceric sulphate and acid. 
___ Ultimately, it was decided to reduce the macro method to the semi-micro scale. In 
doing so it was necessary, in co-operation with Messrs. Chas. W. Cook & Sons (University 
_ Works, Walsall Road, Birmingham), to design a small electrically fired bomb for sodium 
_ peroxide fusion, in which 20 mg of the polymer sample could quickly be broken down with 
= of sodium peroxide. , The bomb was made of stainless steel and the capacity of the cup 
_ A thorough search of the literature carried out subsequent to our work has shown that | — 
Eger and Yarden* have designed a similar bomb of capacity 8 ml for the semi-micro deter- ' 
mination of fluorine in organic fluoro compounds. cones, gud 
_ Further, in order to retain both speed and accuracy, it has been necessary to carry | 
out the final titration of the ionised chloride with standard silver nitrate, use being made of | 
an automatic titrimeter as described by Squirrell and one of us (J.H.). 4,5 er Sa 
The small reference electrode used in this work consists of an 18 s.w.g. silver wire im- 
" mersed in a solution containing a very slight excess of silver ions. The reference electrode © 
is maintained in contact with the solution to be titrated by means of a ground-glass sleeve, / 
which is kept moistened with the solution contained in the electrode vessel. The indicator 
electrode is an 18 s.w.g. silver wire. In order to avoid false potentials, this electrode is | 
_ kept in a position touching the stirrer and is therefore continually | vibrated during the | 
titration. The silver nitrate is standardised against sodium chloride that has been fused | 
with sodium | peroxide in the same as the sample. 


in wt 2 The automatic titrimeter used in this work was cnaiinsbated by Messrs. Electronic | 


Sodium peroxide—Sodium peroxide of low chlorine content (mannfactured by Imperial! 
ss Starch catalyst—AnalaR soluble starch that had been heated for 3 hours at 100° C before} 
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Nitric acid, concentrated—The . AnalaR reagent 
“Nitric acid, 2 N—Dilute 12-5 ml of concentrated nitric acid to. 100 ml wit 
= Sodium hydroxide solution, 10 per cent. w/v—Dissolve 10 g of sodium hydroxide in water, _ 
3 co ol and dilute the solution to 100 ml with water. _ The AnalaR reagent was used. 
Methyl red indicator solution—A 0-05 per cent. w/v solution in ethanol. 
|) ~~ Silver nitrate solution, 0-02 N— —Prepare by dilution of a 0-1 N stock solution. = 
— Sodium chloride solution, 0-02 N—Prepare by dilution of a 0-1 N stock solution. __ 
_ Sodium chloride—AnalaR sodium | chloride that had been heated for 4 to 5 hours a 
aa Reference electrode solution—Prepare a solution containing 64 ml of saturated sodium 
rs sulphate solution, 6-0 ml of 2 N nitric acid, 30 ml of 0-1 N sodium chloride solution and 
30-1 ml of 0-1 N silver nitrate solution. Mix the solution and allow to stand until the bulk 


of the silver chloride has settled out . Fill) the reference electrode with this solution. _ me 


gasket 


3 


cut down B 
socket 


Fig. fig. 2. “Reference | 
‘Procepuss— 


“together with 1-0 g of sodium est . Mix intimately the contents of the cup, fire i 
trically by using 3 cm of fuse wire and a current of 2 to 3 amperes and then allow to cool in a 

= of distilled water. After fusion, place the cup and top in a 50-ml beaker containing ~ 
10 ml of distilled water and cover the beaker with a watch- -glass. Warm the beaker carefully r 
to assist dissolution. When the melt has completely dissolved, remove the top of the bomb | 
and cup and carefully wash them with a minimum of distilled water. Bring the solution a 

Ss to the boil and maintain for 15 minutes to destroy the excess of peroxide. After cooling, 
make the solution just acid by adding concentrated nitric acid dropwise from a burette, 

using methyl red as indicator, again cool, add a further few drops of methyl red indicator _ 

solution and make the solution slightly alkaline by adding 10 per cent. w/v sodium hydroxide — 

- solution. _ Neutralise the solution with 2 N nitric acid and add 0 -25 ml of acid in excess. — 
The volume of the solution will be about 30 ml at this stage. Titrate the chloride with 

| 0-02 N silver nitrate solution to a pre-set end-point, using the automatic titrimeter with 
4 FAST - SLOW change-over control set at 50 mV before the end-point is reached. In this _ 
titration, use a burette that has a fine capillary jet kept below the surface of the solution | 

_ Carry out a blank determination on the reagents, omitting only the sample. 7 
_ Determine the pre-set end-point by dn initial manual potentiometric titration as follows. 

_ Measure 15 ml of 0-02 N sodium chloride solution into a 50-ml beaker and add 15 ml of 

- distilled water. a the solution with 0-25 ml of 2 2 NI nitric acid and titrate with 1 0-02 N 
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nitrate solution, using the manual control of the titrimeter. When the is 
_ approached, “make additions of silver nitrate solution in 0-1-ml increments and - 94 the ae 
 millivolt readings after each addition. Note the potential difference at which —— plotted a 
with respect to V is at a maximum, and use this as 5 the pre- -set end-point on the titrimeter. | = 

_In our experience, the end-point is usually at a setting of about - +60 
__ When large numbers of determinations are involved, it is our practice to. determine | 

- Standardise the 0-02 N silver nitrate ‘solution against 20 mg of dried sodium chloride — ry 

‘ef that has been fused with sodium peroxide and subsequently titrated with the silver nitrate | = 
solution in exactly the same way as described for the sample. 


‘The results of applying the proposed | procedure to the determination of primo eS 
- poly(v inyl chloride) and to copolymers of vinyl chloride with vinyl acetate and with vinylidene © = 
_ chloride are given in Table I. For comparison, /Tesults of witecreviogreet determinations | Tw 
CHLORINE CONTENTS OF VARIOUS POLYMERS AND CHLORIDE the 
found by the “Chlorine found by the 4 
q Substance micro Carius method, method, 

Poly(vinyl chloride) 56-7 (56-6, 56-6, 56-7 


Copolymer of f vinyl with vinyl 48-4, 48-4, 48-8 


of v vinyl chloride with vinylidene chloride . 8 
Since ‘tin Vie paper was originally prepared, , it has been shown that the wthet, can be 
“ail - extended to the determination of chlorine in copolymers containing chlorine and nitrogen. 
_ The result of the determination of chlorine in a copolymer containing 14-4 per cent. of nitrogen — 
by the micro Carius method was 24-3 per cent., and the results of septate determinations Hl 
byt the proposed method were 24-1, 24-2 and 243 percent. 
suggested that the method may fi application in the determination of 


are indebted to Miss M. Clark for her assistance in this investigation. 


46-6, 46-7, 
66-9, 57-20 
59-8, 59-9, 
63-3, 63-7 


-_ 1. Haslam, J., and Soppet, W. W., J. Soc. Chem. Ind., 1948, 67, 3. rs 
Bather, J. M., Analyst, 1956,81,536. cal 
Eger, C., and Yarden, A., Anal. Chem., 1956, 28, 512. 
Haslam, J. and ‘Squirrel D.C. » Analyst 1954, wi 
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By . DIXON, G. HANDS" AND A. BARTLETT | 
(Department of the Governinont Chemist, Clement’ 's Inn Pass. Strand, WC. 2) 
field test for determining small ; amounts ; of hydrogen cyanide in 


test paper impregnated with ferrous sulphate and sodium hydroxide. 

a The test is specific for hydrogen cyanide. _ The behaviour of a number of ss 
possibly interfering gases has been investigated. The test is sensitive to 
mbar slightly less than 1 p.p.m. of hydrogen cyanide in air and has an error of | 

es on + 10 to 20 percent. The blue stains obtained are permanent. Test a 


properly prepared and stored retain their activity for at least 10 months 


Two field wits: for the detection and approximate estimation of hydrogen cyanide in air 
are described in ‘‘Methods for the detection of toxic gases in industry—Leaflet No. is 
(Department of Scientific and Industrial Research).! One of these, the benzidine - copper — 
acetate test, has been widely used, but it has certain drawbacks, ,e.g., difficulty in controlling - 
the critical moisture content of the test paper, instability of the reagents, of the prepared 
test paper and of the stains on the test paper after treatment with hydrogen cyanide, and > 
lack of specificity. ‘The alternative Congo red - silver nitrate test shares some of these 

... on Prussian blue colour from. hydrogen cyanide, which | 
would have the advantages of specificity and permanence of pigment, have usually been — 
regarded as insufficiently sensitive and unsuitable for use as field tests.2_ Gettler and Gold- | 
baum’ determined the amount of hydrogen cyanide in solutions by aerating at 90°C and © 
passing the gas through test paper previously impregnated with ferrous sulphate and sodium 
hydroxide to form blue stains of various intensities. These authors claimed that the test — 
papers would retain their usefulness for several weeks if stored in a cool dark place. Our 
tests showed, however, that test papers prepared as described were sometimes unsatisfactory, _ 
and that gr the papers could not be relied upon to retain their full se after a 4 : : 


__ The success of the method depends largely on the correct preparation and storage of 
| the test papers. . These are prepared by immersing filter- -paper in ferrous sulphate solution, 
drying, immersing in sodium solution and again drying. 


for periods in spite of a reputation for instability. and Douglas* have 
shown that ferrous hydroxide in contact with saline solution containing either excess of © 
hydroxide or of ferrous ions is stable for periods up to 6 months if oxygen is rigorously 
excluded. __.Wh hen the dried paper already impregnated with ferrous sulphate is soaked in 
alkali solution, about 50 per cent. of the sulphate ion passes into the solution. Only a few 
per cent. of the ferrous iron on the paper is oxidised to ferric iron during both this procedure ‘9 
and the subsequent drying of the paper. The sodium hydroxide on the test paper will readily — 
absorb carbon dioxide, which has an inhibitory effect on the subsequent formation of the blue 
stain. In fact, if the test papers after impregnation with sodium hydroxide are allowed to dry 

in air, as recommended by Gettler and Goldbaum sufficient atmospheric carbon dioxide may be 
absorbed to cause faulty stains to be obtained later. This risk can be reduced by careful m 
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|) can react with each other and with atmospheric carbon dioxide or oxygen. _ Ferrous hydroxide, 

> 

1057 

pes 4 drying under an infra-red lamp, but can only be completely eliminated by drying in a vacuum- 7 “4s : 

desiccator. The dried papers can be storéd by inserting them in glass tubes, which are then © &§ 

ash sealed under vacuum. Papers so stored have an effective life of at least 10 months. Test = : 

__ | papers should be used within 1 hour of preparation or of withdrawal from storage tubes. 8 #$—ii™ 


the of test | papers that had in the. detection 
of hydrogen cyanide were examined under a microscope. Paper that had been freshly 
prepared showed a deep blue stain on the exposed face extending inwards for a distance 
_ approximately equal to two or three times the fibre diameter; beyond this point the paper 
was colourless. On the other hand, paper the upper face of which had been exposed | 

_ to carbon dioxide before use in the field test showed only a faint blue colour that pene- | 
= trated 30 to 50p inwards from the exposed face, and had a band of more intense blue 

i in the central region of the cross-section. It is clear that, unless the whole of the hydrogen 
_ cyanide in the sample is trapped on the surface of the test paper, i.e., within a depth of 

. about 20 w, depending on the texture of the paper, the amount of gas present cannot be 
ae _ properly estimated by visual examination of the stain. The importance of an adequate 
concentration of reagents in the test paper and of proper protection of the critical outside 
hep. ~ layer before use is obvious. It was found that the proposed method of preparation produced 

_ test papers of average composition 10 mg per sq. cm of Whatman No. 50 filter-paper, 0-3 mg 
per sq. cm of total | iron (including at least 50 per cent. as ferrous iron), as Fe, 0-2 mg per 
& cm of sulphate, as SO, and 4-5 to | 5-5 mg per sq. cm of alkali, as sodium hydroxide. 
Papers of this. composition were invariably | satisfactory. Occasionally, satisfactory stains 


were obtained with papers containing as little as either 0-05 mg per § ie cm of ferrous iron 


= In order to obtain an even coloured stain it is essential that the rate of flow of gases 

_ passing through the test paper does not exceed 6 ml per second.  Itis very difficult to main- 

tain this slow steady flow with a hand pump, and even occasional bursts of speed can result 
_ in pin points of deep blue colour on the test paper where the gas has streamed through larger 
pores. The use of a rubber-bulb aspirator avoids this difficulty 


CALIBRATION OF STAINS— 
— prepare standard stains, a stream of air mixed with hydrogen cyanide in the desired 
proportions was prepared as described by McKelvey and Hoelscher.6 The hydrogen cyanide 
was supplied from a gas cylinder. Alternatively, a static concentration of mixed gases was 
prepared by sucking a stream of air into an evacuated 10-litre bottle together with the hydro- 

F cyanide liberated by the action of concentrated sulphuric acid on a known amount of 

_ 0-05 per cent. w/v potassium cyanide solution. The concentration of hydrogen cyanide in 

the mixed gases was determined by taking samples in an evacuated 2-litre flask containing | 
05 N sodium _ After an of the alkaline liquor was 


A series of five standard stains 2-5 5, 5, 10, 20 50 ) m. ‘of 


cyanide i in a é sample was found tobe adequate. 4 


Liew 


Test. paper holder—A suitable form of holder is in Fig. The paper is placed | 
wien two smooth- faced rubber washers held in position by two parallel brass plates carrying | 
__-wing-nuts and bolts. Plates and washers are drilled to take a hole of 1 cm diameter and the | 
ue sampled a air enters inlet tube A to pass through the paper and leave by the outlet tube, B. B. Ee 
Dish—A glass, porcelain or plastic dish of about 200 ml capacity was used. __ 


os p~ Glass tube containers for test papers—These were about 6 cm long and of 6 mm itera 


~Filter- -papers—W hatman No. 50 filter-p er-paper in sheets app approximately 4 4 inches x 3 
was used, 


ices ore sulphate solution—A 10 per cent. w/v aqueous solution of analytical-reagent 
Sodium hydroxide solution—A 20 per cent. w/v aqueous solution of analytical-reagent || _ 


sed. | 
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__ Immerse a sheet of filter-paper for at least 5 minutes in a shallow vessel containing — 
about 100 ml of ferrous sulphate solution. Remove the filter- -paper and dry it by suspension © 
“over aradiator. The paper should then be white or off-white in colour. Cut off and discard 
_a strip 2 cm wide from the lower edge | a Miher-paper and cut the remainder of the sheet — 
into rectangular pieces of 3-5cm x 2 _Immerse the pieces of paper singly in the 
sodium hydroxide solution for about 15 epcnail _ Remove the papers, partly dry them with 

_ absorbent paper and transfer them quickly to a vacuum- -desiccator. Evacuate the desiccator __ 
and leave the papers until they feel dry to the touch, but are not brittle. en “a he 
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Break the sealed tube remove the test paper. he test. paper the 

_ Tubber washers of the test-paper holder and screw up the two wing-nuts until they are finger- | 
tight. Attach the holder to the aspirator by means of a piece of rubber tubing and draw 
the sample of air through the paper at a rate not exceeding 6 ml per second until 360 ml — 
have passed. Remove the test paper from the holder and immerse it in 30 per cent. sulphuric _ 
acid contained in the dish. If hydrogen cyanide is present a blue colour develops on the | 
paper in 30 seconds to 1 minute and an approximation of the hydrogen cyanide content of 
the atmosphere can be made by reference to the stain chart while the test paper is still in 
the dish. For a more accurate determination, remove the paper from the dish, wash it well © 
with water, dry it and compare it with “ stain chart. _— 


an “Discussion OF THE ‘METHOD 

= Podniibdi blue reaction is s specific for hydrogen cyanide and the test papers are not ; 
= blue except by this gas or by substances that could react to produce the cyanide 
ion, ¢.g., cyanide dust or cyanogen. Cyanide dust can be removed from the gas sample 
“before passage through the test paper by means of a cotton-wool filter. _ Neither hy drogen — 
chloride nor ammonia appears to interfere with the test even when present in concentrations — 

| up to 400 p.p.m. Sulphur dioxide and hydrogen sulphide in amounts less than 50 p.p.m. 

do not appreciably affect the colour of the stain. Hydrogen sulphide can, if required, be 
es | removed by interposing a dry lead acetate paper in front of the hydrogen cyanide test paper — a 
in the holder. Chlorine inhibits the reaction of the test papers with hydrogen cyanide; } 

j if ‘Gin | is likely to occur in -” bieatoiats under examination a qualitative test should 

test is “sensitive to slightly 1 than p. p.m. of hydrogen cyanide in air, 

| There is little difficulty in comparing stains as the background colour is white and the 

- "stains themselves differ aaa in the intensity of a ange colour. With the recommended — 
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series standard stains, the error is estimated to. about 10 per for 


trations of hydrogen cya’ cyanide above 10 p.p.m. and about +20 per cent. for concentrations 
mee 3 increasing or reducing the volume of sample, the concentration range of hydrogen 
The blue stains are permanent, and, after having been thoroughly rinsed and dried, 
test papers can be kept for reference purposes. _ Care should be taken to keep them out of 4 
contact with alkalis. hey are unaffected by further exposure to an containing 
Papers can be safely used within of protective 
seal. No decrease has been in the of in vacuum- 


_ sealed papers are used, however, the method is simple, can = ph ccsose: “wholly by hand 


cyanide that can be covered is aboutl1 to500 ppm  & | 


i - em air either for insertion of the paper in the holder or for subsequent examination 
of the stain. An approximation of the hydrogen cyanide content can be made in 6 minutes 
_ and a more accurate one in 10 minutes. _ The test should prove useful for the determination 

_ of small amounts of hydrogen cyanide in industrial atmospheres generally, and also when 

it is required to determine ' fairly accurately, ae Cae very rapidly, concentrations of of 


a This work was s carried o out on behalf of the Committee on Tests for Tent Substances 
in n Air, and the Ministry of Labour and National Service. 9 


am = thank the Government Chemist for permission to publish this paper. at —— 


a 1 1. DS.LR., “Methods for the Detection: of Toxic Gases in Industry, Leaflet No.2 le 

_ Jacobs, M. B., “Analytical Chemistry of Industrial Poisons, Hazards, : and Solvents,” Interscience 

ay 3. = A. O., and Goldbaum, L., Anal. Chem., 1947, 19, 270. wes 
, 1956, 60, 1519 2 
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The Determination o Copper in Gelatin | 


(Chemical Research Laboratory, Ilford Limited., oodman Road, Brentwood, Essex) 


* waa 5 _ Some newer methods for the determination of traces of copper have ~~ 
ad been applied to gelatin and results are compared with those obtained . ae 
ia. ~present procedures; the advantages over the use of substituted dithiocarba- 


] 

= _ TRACES of in impurities in in raw materials may _ profound efiacte' on photographic emulsions. 


: ‘Iti is desirable'to have a method capable of determining the copper content of various = 
in the range 0 to 15 p.p.m. Th 
¢ “4 (a) the reagents to be used should t be readily available i in a in a reasonably pure state; 
‘the ‘Procedure st should specific, yet simple an sav 
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(112) it should preferably involve an extraction tion 


ie be high in favour of the organic phase; 
_ (iv) the coloured complex produced s should be stable 


= The reagents used in well known methods a and their shortcomings may be summarised 1. 


an 
Dithizone is non- unstable and has intense cc colour of 
Sodium diethyldithiocarbamate is used in the British Standards method: 2 Pe is less 
} sensitive than dithizone! and is not specific. An extraction stage into chloroform or carbon 7 
, | tetrachloride is often used, but the partition coefficient is small. The complex with — : 
} is unstable to light? _ This type of reagent has been used in conjunction with ethylene- F 
-diaminetetra- acetic acid to increase specificity,4.> but interference still occurs. 
1 3 Zine dibenzyldithiocarbamate also suffers from non-specificity® and instability of the — 
‘complex with copper to light. It has he sh over sodium 
wy 
hese include methods. in which 2:2’-diquinolyl, ‘biscyclohexanone 
2: :9- -dimethyl- 1:10- is used. Polarographic methods have also been en examined. 


All reagents should be of recognised analytical grade. 
Perchloric acid, 72 per cent. 
acid, concentrated. ued. O¢ 
= Heat 2¢ x of gelatin and 10 ml of nitric acid in a 100-ml conical flask on a hot-plate until 
| vigorous evolution of brown fumes occurs. 7 It is advisable to remove the flask from the 
hot-plate at this stage. Add 2 ml of sulphuric acid and continue heating until no more 
brown fumes are evolved and charring begins. Add 4 ml of perchloric acid and continue 
heating until the liquid is colourless or very pale yellow and then maintain the solution at © 
the same temperature for a further 3 to 4 hours to ensure the removal of excess of perchloric 
acid. Little attention is required at this stage and several digestions can be conducted 
2 aeaeaeont _ After the solution has cooled, dilute with about 10 ml of water, boil for 


é 


colorimetric measurements were e made with a Galenkamp photo-electric colorimeter. 


into alcohol. isoAmyl alcohol is said® to give a colour 

intensity than n-amyl alcohol. The complex of 2:2'- -diquinolyl with cuprous copper 
remarkably stable to atmospheric oxidation.® ‘The: partition coefficient is large” and is 
} relatively slightly affected by high ‘salt concentrations. The solubility of isoamyl alcohol 
} in water at room temperature is appreciable, hence temperature control is desirable at the _ 
} extraction stage. The reagent is sensitive to oxidising agents that may occur in the ssoamyl : 
alcohol or remain after the digestion with perchloric acid." The alcohol is subjected to the 
pre-treatment described later and the digestion is prolonged to overcome these effects. It Fe — 
is claimed” that the extraction and reduction stages can be combined by adding the solvent _ icone 
dimethylformamide_ to the solution, but we have preferred to retain the of 


0-02 per. cent. w/v solution of analytical-reagent grade 

ie: :2’-diquinolyl, m.p. 196° C,!* in isoamyl alcohol. The commercial grade reagent, m.p. 186° 
to 192° C was also used without recrystallisation. by According to Dr. J. Hoste the — 


is stable for several months if a bottle. pet Xa 
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before use in accordance with a communication from Dr. J. Hoste, as follows. An 800-ml 
_ portion was shaken with 100 ml of a 10 per cent. solution of sodium metabisulphite, the § 

_ layers were separated and the alcohol layer was dried overnight in contact with anhydrous | 
magnesium sulphate. After filtration, the alcohol was distilled and the fraction boiling over | 
the range 128° to 132° C was collected and stored in a brown bottle. pais aa es 
Tartaric acid solution, 50 per cent. w/v. 
_Hydroxylamine hydrochloride solution, 15 per w/v—Prepare freshly week, 


After ‘digestion to ‘destroy, the organic matter, treat the solution with tartaric 

acid solution and 2 ml of hydroxylamine hydrochloride solution. Adjust the pH to between 


- 4and 7 with sodium hydroxide solution (test by spotting micro drops on pH papers). Dilute 


the solution to 50 ml and transfer it toa thermostatically controlled water bath at 25° + 0-5° ( 


- for 10 minutes. Add 10 ml of 2: 2’-diquinolyl solution, also at 25° C, and shake the mixture 


for 3 minutes. _ Separate the organic layer and measure its optical density, using an Ilford 
a _Results—Calibration cur curves with simple “aqueous copper solutions and with known 
—- of copper to a de-ionised copper-free gelatin are shown in Fig.1. The displacement 
_ of one curve from the other is due to copper in the digesting acids and the sodium hydroxide 


. 1. Calibration carves for copper by 2 :2’-diquinolyl 
LS ba ts '. method: curve A, digested with gelatin; curve B, ‘no di estion 


WITH BIS¢yClOHEXANONE OXALY. LDIHYDRAZONE AS REAGENT— 
_ This reagent | gives a blue colour with copper in the pH r: range 7 to 9 and, so far as : 
‘ known, #41 is not extractable. It is highly specific for copper and has been used for deter-' 
mining copper in paper and pulp™ and in in plants.’® Citrate is added to prevent precipitation 
eB Biscyclohexanone oxalyldihydrazone solution—A 0- 5 per cent. w/v solution in 50 per cent. 
- ethanol, warmed to dissolve the solute and filtered before use. Ret reer should be 
Ammonium citrate solution, 10 cent.w/v. 
solution, sp.gr. 0-880—Analytical-reagent 
Neutral red indicator solution, 0-05 per cent. w/v. 
Sodium hydroxide solution, 50 per cent. w/v. 
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dligestion is not necessary and, after a clear solution is obtained, heating) 
_ fos i i After it has cooled, transfer the solution to a 25-ml calibrated flask,) 
m citrate solution and 4 drops—about 0-15 ml—of ammonia solution} 


until the solution is just ae ‘oli 7 to 9). Cool the solution ea mes to minimise loss 
of ammonia. Add 1 ml of biseyclohexanone oxalyldihydrazone solution and | dilute to the 
mark. — Measure the optical density after 15 minutes, using an Ilford No. 626 filter. Occasion- 
cally, cloudy solutions are obtained, which require filtration into the colorimeter cell. 
alibration ¢ curves obt ined in this w y g 
calibration cur ained in this way shown in 
With 2: 9-DIMETHYL-1 ; 10-PHENANTHROLINE (NEOCUPROINE) AS REAGENT— 
: _ This reagent gives a yellow colour with cuprous copper under similar conditions to those _ 
used for 2:2'- -diquinolyl. It has been used for determinations of copper in paper!” and 7 
"tungsten. 18 It is subject to the same interference from oxidising agents and the complex 7 7 
extracted by the same solvent. is advisable" to store the reagent solution in a refrigerator. 


| Buffer solution, 4 pH 5—Dissolve 57 g of anhydrous on acetate and 17-0 ml of glacial 5 
acetic acid in Water and dilute tol litre. Adjust the to 5-0 and then dilute 
Neocuproine 16 mg of 2:9-dimethyl-1:10-phenanthroline in 100 ml 


_ of buffer solution with vigorous shaking. Store the reagent ina refrigerator, = Ee 


Tartaric acid solution, 50 per cent. w/v. 


& 


_ After digestion, add 2 ml of tartaric acid solution. . Adju ust the pH to approximately 5, 
wnt add 10 ml of buffer solution. Treat the solution with 3 ml of neocuproine reagent and 
about 50 mg of solid ascorbic acid, dilute to about 50 ml and then place the solution in a ¥ ; 
thermostatically controlled water bath at 25° +0: ‘5° C for 10 minutes. Add 10mlofisoamyl — 
alcohol (purified as for use with 2: 2’-diquinolyl), also at 25°C, and shake the mixture 


for 3 minutes. - Separate the alcohol layer and measure its optical density, wae an _— 


Cia polarographic method in which dry oxidation is used has been eo .19 —_— a 


dry oxidation is not suitable for gelatin. The material froths considerably, and, on burning, 
leaves a mass of porous carbon, which is only slowly oxidised. The operation is omg al 
and requires considerable attention from the analyst, apart from the known risks of loss in 
such a procedure. The wet-oxidation procedure described is suitable for the purpose. 7 
Prolonged digestion is necessary and decomposition products of the perchloric acid may 


give spuriously diffusion for copper wave. Such effects have been 
by other workers.1® 


A Tinsley pen- recording polarograph used. 


N OF COPPER “GELATIN BY VARIOUS METHODS 


— 
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Eay F is atvabien ectly fo for the polarographic determination. No maximum suppressor is required. 
It is convenient to use a mercury pool as anode; the half-wave potential of the copper wave 
q is at —0-34 volt against the pool. Preliminary experiments showed that variations in 
sulphuric acid concentration from 3 to 8 N did not seriously affect the wave heights. _ 
bes ‘The: ‘ania by these four ‘methods on seven commercial gelatins < are shown in Table I. 
Figures obtained with the zinc dibenzyldithiocarbamate procedure of Andrus” with special 
precautions to minimise light fading are included for comparison. 
____ Ina series of recovery experiments, known amounts of copper were added to the gelatins . 
101 + 5 per cent. 
method 99 + 5 per cent. 


COMPARISON OF THE METHODS 


Caution. must in ‘comparing sensitivities with filter instruments. 
z to the values given in the literature, zinc dibenzyldithiocarbamate® has about the same 
~ sensitivity as biscyclohexanone oxalyldihydrazone, when both complexes are measured 
— with a spectrophotometer. In this work, with the best filter available, the zinc reagent 

was only about one-third as sensitive . On the other hand, biscyclohexanone oxalyldihydraz- 
one was found to be about 2}-times as sensitive as 2:2’ -diquinolyl. This figure is in 
Z agreement with those of other workers. However, this adv vantage is offset by the “‘concen- 


trating’ eee of the extraction stage in the latter case. _ Like other workers, 7 we have 


found 2 2’-diquinolyl and neocuproine to be very similar in sensitivity. ae — wil 


rr 


a. 


=. 
=. 
Colorimete 


Fig. 2. Colour stability: curve A, sodium 
diethyldithiocarbamate i in fluorescent light; curve 
sodium diethyidithiocarbamate in diffuse day- 
4 light; curve C, 2:2’-diquinolyl and neocuproine 
in all lighting: curve D, biscyclohexanone oxalyldi- 
hydrazone in all lighting ; curve E, sodium n diethyl- 


agi The o only known interference when the 2: 2'-diquinolyl and neocuproine methods are 
_ used is from ferric iron, and this can be masked by tartaric acid. © _ The zinc dibenzyldithio- — 
carbamate method is affected by the presence of bismuth, cobalt and nickel, and the polaro-— 


graphic method may be affected by stannous tin. There i is no known interference with the 
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q TABILITY OF THE COMPLEX TO LIGHT— 


= _ The relative stabilities of the various complexes to light of different kinds are illustrated 
. 2 Fig. 2 (note the logarithmic time scale). A curve is shown for sodium diethyldithio- a 
carbamate; the zinc dibenzyldithiocarbamate reagent complex fades almost as quickly in — 
_ bright light. _ As has been reported,” the biscyclohexanone oxalyldihydrazone complex fades 
slowly; this may be partly due to high salt concentration.* The 2:2’-diquinolyl and neo- 
cuproine complexes are stable to light for at least several days. 
Carbamate- -type reagents deteriorate on keeping. 3 2:2! !_Diquinolyl when 
"prepared. as described, is stable for at least 3 months. Biscyclohexanone oxalyldihydrazone- 
_ solution is less stable and becomes yellow after a few days. A freshly prepared solution of © 
this reagent, with the addition of a standard amount of copper, gave a reading of 25-2 colori-_ 
_ meter units; when 4 days old, with the same amount of copper, it gave a reading of 20-6 units. 
The need to keep neocuproine solution in a refrigerator | has been mentioned. When the 
F solution was kept at laboratory temperature, the reading with | a standard amount of copper 
_ fell from 25-7 units when fresh to 22-0 — at 4 days old. 
2:2/-Diquinolyl and neocuproine ve | tc nt 
2 quino yl an neocuproine are fairly expensive reagen s; by taking into account — 
"the difference 3 in the concentrations used, they are about the same Cost. _ Biscyclohexanone 


2: and are equivalent i in most respects except for the stability 


of the reagent. The stabilities of the complexes io light favour these reagents; simplicity, © ; 
sensitivity and economy favour biscyclohexanone oxaly Idihydrazone. All these reagents 
have advantages over sodium diethyldithiocarbamate. The polarographic method is simple > 
and convenient, although ges not so ye dp attractive as a colorimetric method. _ ie 


We | the of Ilford Limited for permission to publish this paper, and 
‘Miss M. E. Bell, Miss P. J. King and Mrs. G. A. Nichols for technical assistance. The value 
of the communication from Dr. J. Hoste of Ghent University is greatly appreciated. __ 
oi Sandell, E. B., “Colorimetric ‘Determination of Traces of Metals, 
Publishers 1 Inc., New York, 1950, p. 300. 
2. “Sampling and Testing of Gelatin,” British Standard 757: 1944. — 
a 3. Ovenston, T. C. J., and Parker, C. A., Anal. Chim. Acta, 1950, 4, 135. 
 Sedivek, V., and VaSdk, V., Coll. Czech. Chem. Comm., 1950, 15, 260. 
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Johnson, W. Editor, “Organic Reagents for Metals, Fifth Edition, Hopkin and Williams Ltd., 
a 7. Reed, J. F., and Cummings, R. W., Ind. Eng. Chem., Anal. Ed., 1941, 13, 12 a 
Guest, R. J., Anal. Chem., 1953,25,1484." 
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he Spectrophotometric Determination | Gallium i in 4 


T he 1 use of a “mixed solvent c sisting of chlorobenzene containing 
= _ 25 per cent. v/v of carbon tetrachloride is recommended for the photometric 
ag determination of gallium, since it extracts rhodamine B chlorogallate com- _ gee 
= pletely from 6-5 .N hydrochloric acid; the presence of titanous chloride | me | a 
Suppresses the reagent blank value. The procedure described has approxi- 
sian mately three times the sensitivity of the rhodamine B method of Onishi _ 1 Wie 
nab: wel and Sandell, who use benzene for the extraction. _ The determination of bagee adT 
gallium in silicate, oxide, sulphide and carbonate minerals is described. 
i U.S. Geological Survey standard rocks Gl and W1 were found to contain vols 
‘3 and 21-5 p.p.m. of gallium of variation +1-3 and 


Ir has been known for a long time that antimony, as Sb*+, thallium, as Tl**, iron, as Fe*+, — 
oS and gold, as Au*+, react with rhodamine B in hydrochloric acid medium to give red or violet 
~ ‘complexes that are soluble in benzene. Recently, Onishi! has reported that gallium forms 
a similar complex. Onishi and Sandell? have extracted this complex with benzene for the 
_ photometric and fluorimetric determination of microgram amounts of gallium, after its 
al "separation from interfering elements by extraction from hydrochloric acid medium with 
___ Attempts to use this method in these laboratories led to. very variable results for both 
_ blank values and determinations; the coefficient of variation "was +15 per cent. — 
variation was attributed to the difficulty of always attaining the same ‘equilibrium point in 
the extraction, ante less than half the rhodamine extracted into 


The extraction is sensitive to variation in both hydrochloric acid _ rhodamine B concen- 


trations. Benzene has two further disadvantages, namely, its high toxicity and its low 


_ density, which makes it necessary to separate the aqueous phase before making photometric 
‘It was ves decided to test whether complete of of the B chlorogallate 
enain could be achieved by using any solvent having a density greater than 1- 10. 
Experiments were carried out by treating 5 ml of 6 N hydrochloric acid, both alone and in 
the presence of 5 yg of gallium, with 0-5 ml of a 0-5 per cent. solution of rhodamine B and 2 
8 ml of the appropriate solvent. After the mixture = been shaken for 10 minutes, the B 
organic phase was filtered through a glass- shoe plug, 1 ml of ethanol was added and the 
_ solution was diluted to 10 ml with | the solvent. The optical densities of the solutions were : ; 
_ measured at 562 my in l-cm cells. Further tests were made in the same manner with 5 ml 
_ of 6-5 N hydrochloric acid containing 1 per cent. of titanous chloride instead of the 6 N acid, 
“since it was found that the presence of the titanous salt drastically reduced the reagent blank i 
_ value and prevented any interference by traces of ferric iron. The results of these experi- 
Organic solvents differ considerably in their ability to extract rhodamine B and its 
-chlorogallate, and hence carbon tetrachloride extracts neither appreciably, whereas both are — 
strongly extracted by chloroform. Chlorobenzene is intermediate in properties, but, owing 
to the similarity of its density to that of 6 N hydrochloric acid, it tends to form a rather 
stable emulsion. It is possible that the inclusion of a small amount of the aqueous vom i, 


a 
a 
| 
a 
3 
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AND MINERALS 


‘ oat Optical density, for te tests in in _ acid containing 1 per cent. 
Solve 5 pg of 1 Difference blank ‘5 peg of gallium Dillerence 


Benz mere 0-029 9-299 0270 0-009 0-259 


Ghlorobenzens’ ee?” 1104 = 0-034 0-734 
‘Chloroform ..  .. 5-90" 6:00 580" 


Carbon tetrachloride. pia 0-007 007 


= 
Solutions | diluted and calculated for original concentration. 


tg When the extraction was carried out with chlorobenzene con: containing 25 per. cent. a? 

volume of carbon tetrachloride, very rapid separation of the phases ensued. By using this 

solvent, greater than 99-5 per cent. extraction of the rhodamine B chlorogallate complex 
Was ‘achieved, hence giving effectively an approximately threefold increase in ‘sensitivity 
benzene. This mixed ‘solvent nt was used in all subsequent wo work, 


_ EFFECT OF VARIATION OF HYDROCHLORIC ACID CONCENTRATION THE EXTRACTION— 


a The effect of variation of the hy drochloric acid concentration of the aqueous phase 
was investigated by extracting five aliquots of various normalities of hydrochloric acid con- a = 
‘ taining 1 per cent. of titanous chloride and 0-5 ml of a 0-5 per cent. solution of rhodamine Bo 
_ with 8 ml of a chlorobenzene - carbon tetrachloride mixture for 10 minutes. The organic 
a - phase was run through a plug of glass- -wool into a 10-ml calibrated flask, 1 ml of ethanol 
was added and the liquid was diluted to volume with the solvent. The optical densities — 
t of the extracts were measured at 562 my in l-cm cells. Similar extractions were made in 
_ the presence of 5 yg of gallium. The results, which are shown in Table II, indicate that the 
- optimum acidity for the extractions lies in the range 6 to 6-5 5N. For all later work, 


Optical density of 0-093 029 0-011 0-009 0-007 
Optical density of solution ining 5 pg of of 0-580 0-571 0-484 305 


| 
4 chlorobenzene - - carbon tetrachloride mixture was extractions were 
7 _ out as described for the variation of hydrochloric acid concentration, with the exception that 
the acid concentration was fixed at 6-5 N and the volume of 0-5 per cent. solution of rhodamine : 
B was varied. Water was added to maintain the volume of the aqueous phase at 5-7 ml. | 
The results, which are shown in Table III, indicate that complete extraction a place 
when to 0-7 ml of a “5 per solution of rhodamine B = 


_ EFFECT OF VARIATION OF RHODAMINE B CONCENTRATION _ 7 


Optical density of blank . 0-001 0 005, 010 018 00 0-014 16 
taining 5 pgofgallium.. .. 0 0-358 469 0519 551 ‘576 0-578 0- 585 
difference i 06 3 
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210 CULKIN KIN AND RILE H Ic 

USE. F TITANOUS C CHLORIDE FOR "SUPPRESSING THE RE, 
OF AGENT BLAN 

The presence of even small concentrations of titanous chloride in the aqu eous a 
reduces the reagent blank value by a factor of ten. In the presence of 0-001 per cent. a 
titanous chloride, a reagent blank value (optical density) of 0-015 was found, whereas when the a 
extraction was carried out in the presence of 0-0005 per cent. of titanous chloride, or in its _ 

_ absence, a reagent blank value of 0-130 was found. These amounts of titanous chloride are — 
below the concentrations stoicheiometrically to the rhodamine B present. 
Its mode of action is at present obscure, but it we 


All spectrophotometric were made with a Unicam SP500 


Hydrochloric acid, 350 ml of hydrochloric acid, sp. gr. 


Diisopropyl ether—Freshly distilled from sodium hydroxide. | 


Hydrochloric acid, about 6-5 .N, containing 1 per cent. of titanous chloride—Mix 325 ml q 
of concentrated hydrochloric acid with 33 ml of 15 per cent. w/e titanous chloride solution ¥ 
‘Rhodamine B solution—Dissolve 0-5 g of rhodamine B in 100 ml of water. ‘Filter the 
-- Chlorobenzene - carbon tetrachloride mixture—Dilute 125 ml of carbon tetrachloride to’ 


“Standard gallium solution, 5 yg per ml—Prepare a solution containing 0-4381 g of caesium a 
gallium sulphate per litre litre, 1.¢. 50 of per 1 ml. For us use, dilute 10 ml of solution 4 


ima crucible, and of concentrated sulphuric acid 15 ad of 40 per 
hydrofluoric acid. Heat the covered crucible on a water bath overnight. Evaporate the 
——adeatimoric acid and then heat the crucible under an infra-red heater until copious white 
_ fumes are evolved. Dissolve the residue in 50 ml of 6-5 N hydrochloric acid. Determine 
- Sulphide minerals—Evaporate to dryness a solution of 1g of the powdered sample 

_ dissolved in 3 ml of bromine and 20 ml of a mixture of equal volumes of concentrated nitric 
_ and hydrochloric acids. Ev aporate the residue to dryness again with 5 ml of oo al 

: hydrochloric acid. If arsenic or antimony is present in quantity, add 5 ml of 47 per cent 
w/w hydrobromic acid and again evaporate to dryness. Dissolve the residue in 50 ml of 
_ 6-5 N hydrochloric acid; use the solution for the determination of gallium as described later. _ 
_ Oxide minerals—Fuse 0-1 to 1g of the oxide mineral (up to 10 wg of gallium) in a 
‘platinum crucible with ten times its weight of potassium pyrosulphate. Dissolve the cold 
_ melt in 50 ml of 6-5 N hydrochloric acid; determine gallium in the solution as described later. 
Carbonate minerals—Dissolve 2 to 3 g of the mineral in dilute hydrochloric acid, filter if 


necessary, and acid to bring the acidity to 65 Determine gallium as 


In each test, ome: out a determination o of the blank in ‘the | same manner, 


FOR EXTRACTING GALLIUM WITH DIisoPROPYL ETHER— 
iT 


Transfer the solution of the sample toa 250-ml separating funnel, add an “excess ¢ of 


. 15 per cent. w/v titanous chloride solution (5 ml is usually sufficient) and extract twice with on 
equal volumes of diisopropyl ether. the combined extracts in a 100-1 ml beaker 


° 


ote 


4 
| 
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PROCEDURE FOR DETERMINING ‘GALLIUM— ‘ 

Add 5 ml ‘ml of 6-5 N hydrochloric. acid ‘containing 1 per cent of titanous ious chloride to 

. containing the dry residue from the ether extraction. Warm the covered beaker to ate 
70° to 80° C to dissolve the residue. Transfer the cold solution to a 50-ml separating funnel | 
containing 8 ml of the chlorobenzene - carbon tetrachloride mixture. Rinse the beaker with 5 ss 
a further 1 ml of 6-5 N hydrochloric acid and add the washings to the funnel. Add 0-5 5ml 

a rhodamine B solution and shake the separating funnel mechanically for 10 minutes. _ Set 

aside until the two phases have separated. Run off the organic layer through a plug of 
glass- -wool into a 10-ml calibrated flask containing 1 ml of ethanol. Wash the aqueous phase — 
with a further 1 ml of the solvent and add the washings to the calibrated flask. Dilute the 7 
solution to 10 ml with the solvent. Measure the Bs ay density of the extract at 562 my 
in a l-cm cell. — a calibration curve by using 1, * 6, 8 and 10 yg of gallium. ing 


feat Test OF THE METHOD 


BEER S LAW AND REPRODUCIBILITY 
Various amounts of gallium in | 5-ml aliquots | of 6-5 N hydrochloric acid were treated 
with rhodamine B solution and phe dlr as described above. The optical densities of the 
_ extracts, measured at 562 my in l-cm cells, are given in Table IV. They show a satisfactory — 
_ reproducibility and indicate that Beer’s law i is obeyed for up to at 0 at least 10 10 stihl of gallium. a 


DETERMINATION OF GALLIUM WITH RHODAMINE AMINE» 


562 inal-cmeell.. 0-226, 0- “450, 669, 0-907, 1-140, 


lium... . 1128 01130 Mean = 0-1129 
jum 


of gallium, "respectively, ‘were re- with "the - carbon tetrachloride 
mixture, the second extracts had the same optical density as the reagent blank. This indi- 
cated that complete extraction of the gallium had taken place in the first extraction. — The 
molecular extinction coefficient of rhodamine B chlorogallate, calculated from the mean of : 
the data in Table IV, is 78,900. This may be compared with the value of about 60,000 
recorded by Onishi and Sandell,? when the extraction was carried out with benzene. The 
lowness of their coefficient is probably caused by the: low percentage ¢ extraction found — 

_ In order to test the accuracy and reproducibility of the proposed method for the analysis - 
of silicates, five replicate analyses were made for gallium in the U.S. Geological Survey 
standard granite Gl and diabase Wl. . These rocks have been used in a collaborative test 
of methods for the determination of the major and minor components of silicate rocks.? Six 
determinations, mainly spectrographic, of gallium in Gl and WI gave average figures of | 
Ms 5 and 14-5 p.p.m. of gallium, respectively. Not much reliance can be placed on these 
averages, since they are derived from figures having a rather large spread (15 to 20 P-p.m. P. 
for G1 and 11 to 20 p.p.m. for W1). In the present work, concentrations of 21-4, 21-7, 21-1, 

1 3, 20-9, mean 21-3 p.p.m. of gallium and coefficient ‘of variation +1-3 per cent., and 
215 5, 21-6, 20-9, 21-9, 21-8, mean 21-5 p.p.m. of gallium and coefficient of variation +1-9 per 
cent. were found for Gl and Wl, respectively. _ These results show a - satisfactory precision wall 


_. EFFECT OF INTERFERIN 


number of elements that are extracted ether from 6-5 N hydrochloric acid 

_ solution. _ The solution of the element in 5 ml of 6°5 N hydrochloric acid containing 1 per iM 
cent. of titanous chloride was treated with 0-5 ml of 0-5 per cent. rhodamine B solution and | 
- extracted | as described on p. 210. The results, which are shown i in | Table as indicate that pile 
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BISHOP: DIFFERENTIAL E BLE STROLY POTENTIOMETRY. 
_ appreciable interference is caused by antimony, as Sb*+, arsenic, as As a, and thallium, as Tit. 
Of these elements, only antimony and arsenic are extracted by ether from a reducing medium. 
_ Ether extraction of solutions containing 10 mg of antimony, arsenic and thallium in the — 
_ presence of titanous chloride, followed for the first two elements mentioned by evaporation 
sake with hydrobromic acid, gave no detectable colour in the rhodamine B method. The inter- 
ference caused by thallous thallium in the rhodamine B method is rather surprising, since 7 
3 monovalent elements do not normally form extractable complexes with rhodamine B. 


Element added Amount added, yg 


“100 as Sb 


10,000 as Sb** 0-258 


* eve 
ge gent blank deducted 


2. Onishi, H., "and Sandell, E. B., ‘Anal. Acta, 1955, 123, ALG 
3. Fairbairn, i. W., Schlecht, W. G., Stevens, R. E., Dennen, Ww. H., Mes and F,, 


Electrolytic 


Il. * Precision an 


_ “i i= to a random assortment of redox titrations have been examined. — 
sta _ The accuracy compares well, even favourably, with classical potentiometry, t 
se _and the precision, by virtue of the sharpness of the end-points, shows an aM 
; _ improvement of 2 to 10-fold. The continuous flow of current appears to — 
a ey the attainment of equilibrium in electrode potentials by a similar 
"4 factor. Investigation of the behaviour of individual electrodes under ote 


_ anode anticipates or leads, and the cathode lags behind, the classical, or zero ft 
current, indicator electrode potential. The combination of lead and lag gives | hi 
rise to titration curves that take the shape of the first a of the classical a 


DIFFERENTIAL electrolytic potentiometry! is a titrimetric sities technique, in which ~ 
the difference in potential between two electrodes, active or inert, at which electrolysis is 
proceeding under the influence of a minute heavily stabilised current, i is measured during 

_ the process of titration, and it affords a method of investigating both total and partial reactions 
and of locating the end- -point of the titration. The electrolysis current is less than the } 
‘diffusion current of the electro-active species, and the solutions are normally stirred. ‘a ae : 
most fruitful investigational and developmental approach to 1 to the method is from the lef 

For details of Part I of this series, see ‘Teference list, p. 222. 
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‘The antecedents of the method have been examined.) Dutoit von Weisse? may be 
a credited with the original use of electrolysis in titrimetry, although their method and instru- ol 
; os were necessarily crude and their results of limited virtue. Since that time, little 
direct use appears to have been made of simple ‘electrolysis of stirred solutions in titrimetry. a 
_ The Foulk and Bawden dead-stop method? is, of course, electrolytic in some respect, but ae ‘ 
nnot strictly be denominated amperometric. if this be understood to refer to diffusion 4 
_ rent measurement in quiescent solutions. Recent years have seen the dev elopment — 
of many techniques to which differential electrolytic potentiometry bears some relation, ‘ie 
polarography,* constant and zero current potentiometry,’ bimetallic* 
and differential metallic? systems, and so on. The present investigations have revealed 
that so-called constant current methods are misnamed in that the currents, no matter how ave 
heavily stabilised they may be, do vary; that methods involving passage of current through _ 
) the standard half cell - indicator electrode circuit are inherently subject to errors, which may 


Ca 
Cc 


be significant ; and that zero current methods,-when construed as infinitesimal current methods _ . : 


3 Hitherto, attempts to explain the mechanism of such methods as the dead- -stop have 


often leaned upon the term polarisation, a convenient word for concealing ignorance, though 
rather vague when pressed particularly and quantitatively. Defined as any process that a 
‘tends to oppose or alter the flow of current at an electrode, polarisation can also be used 
to explain differential electrolytic potentiometry, but, since the current continues to flow — - 
7 _ with but little variation if stabilisation is adequate, it does not suffice to say that an electrode \ . 
r _ becomes conducting, or ceases to conduct, at a critical point in the chemical reaction. Inthe © 


differential electrolytic potentiometric method, two factors are involved: first, an electrolysis 7 ; 
current is passing through electrodes and solution, which will entail ohmic and decomposition 
a potentials, and potentials arising from phenomena occurring during the passage of electrons — 


_ through the layers on either side of the electrode - solution boundary; second, Nernstian © 
potentials dependent on solution concentrations will arise. The electrodes exercise a dual 
_ function, in which indication is superimposed on electrolysis. These investigations ih 
some light on the broad question of electrode reactions, and further detail will be dealt with 4 
in a later paper, but for the moment a qualitative picture. of how the different types of titration _ 
Examination of the behavi iour of individual electrodes and comparison with the behaviour al 
4 a normal indicator electrode has shown that the electrodes behave quite independently — . 


of each other; that they tend, increasingly as the electrolysis current density diminishes, — 

to follow the potential of the infinitesimal current (indicator) electrode, but either lag (cathode) 

or lead (anode); that the form of the differential electrolytic potentiometric curve —— 

on the reversibility of the species, not necessarily those of the over-all analytical reaction, — 
Boy, electrolysed at the two electrodes; and that the potentials are, in a measure, under 


_ In this paper, application of the method to electron- transfer reactions is reported, and 


"among such reactions two main types of titration curve are found. 


4 TYPE REACTIONS» IN WHICH BOTH OXIDANT AND: 


or x-axis, the indicator potential Bi in and the 
_ potential ¢ in Fig. 1) lags behind the indicator electrode potential. The amount of lag "s 
or lead is, in a measure, controllable by regulation of current density and ballast ratio. On 
the horizontal part of the potentiometric (indicator electrode) curve, between points P and Q 
in Fig. 1, the difference in potential between the two electrolysis electrodes is small; then, Q 
the potentiometric curve turns upwards in the usual S-bend, between points Q and R, the 
_ x-axis lead of the anode in terms of y-axis potential increases, as also does the cathode lag, 
so that the potential difference between anode and cathode increases rapidly to the point | 
of inflexion of the potentiometric curve. Thereafter, the slope of the potentiometric curve — 
q decreases between points R and S, and the anode lead and cathode lag in terms of y- -axis 
potential fall until, when the potentiometric curve again becomes horizontal, between points 
S$ and T, the potential difference between anode and cathode again becomes small. The | 
4 result is that the potential difference between electrolysis anode and cathode, initially small, , 


| 

| 

5 

+4 

{ 

ee 

| 

REDUCTANT ARE REVERSIBLY 
| 
j 
Ss 
e 
q 

= 


ELECTROLYTIC POTENTIOMETRY. “4 

a ‘effect, the first differential of the potentiometric curve, as shown at D in Fig. 1, the curve : 
_ being moved along the x-axis for clarity. The smaller the lag and lead, the sharper is the. 

- ies _ Potentiometric inflexion points do not necessarily coincide with reaction equivalence 
points, particularly in electronically unsymmetrical reactions. It has several times been _ 
observed that the lag and lead of the electrolysis electrodes may be and 
_ differential electrolytic potentiometric end-point then agrees with the equivalence point = 
than with the potentiometric inflexion point, although the differences cesunde these three — 
points are usually minute in ordinary volumetric titrations. _ Further, certain reactions are 

; a 7 over-all irreversible, as, for example, Mn!!/MnV!!, but give the reversible type of curve. 

. This may be ascribed to the fact that the electrolytically active species may not be those > 
of the over-all analytical redox half reaction, and indeed may be present only in minute 
traces due to secondary, side or induced reactions, e.g., in the above-mentioned example 

active species may be Mn!!/Mn!I, but there are many involving oxidant, 

‘Tyre 2: REACTIONS IN w HICH EITHER 03 OXIDANT oR REDUCTANT IS NOT REVERSIBLY 

. jee Here, o one electrolysis electrode alone is operative, and behaves as in type I, , although © 

= the potential changes are greatly magnified, possibly because electrolytic and indicator 

effects are now entirely concentrated in one electrode. The other electrode takes up a fairly — 
_ steady potential, which usually shows a small inflexion near the end-point. Ideally, if the 

_ half reaction is quite irreversible and none of the reaction products or intermediates is _ 

‘ 5 _ electrolysable at that electrode, then the potential taken up by the inactive electrode acto 4 

be constant, and the differential curve would have the shape of a magnified potentiometric ; 


— 


a -—= it would, in fact, be that of the active electrode. When partial reversibility of reactant 
7 s other substance occurs, small inflexions appear on the inactive electrode, increasing with 
5 increasing reversibility and with diminishing electrolytic current density, and unsymmetrical 
=. _ curves, intermediate between the two types, result. It is convenient to partition this class — 

= into two sub-divisions, depending on which electrode is inactive, and, since the oxidant is 


more iroquently added from the burette, they will be considered on this basis. 


Potential 


Volume of titrant — of of titrant added Volume of titrant added 

_ alidians Fig. 1. Reactions of type 1: curve A, anode potential; curve B, indicator electrode seni 
: oe tial; curve C, cathode potential; curve D, differential electrolytic potentiometric curve — 


_—sss«dRig. 2. Reactions of type 2(a): curve A, cathode potential; curve B, indicator electrode 
curve C, anode potential; curve D, differential electrolytic potentiometric curve 


ee Fig. 3. Reactions of type 2(b): curve A, anode potential; curve B, indicator sleckendis + A 
Potential; C, cathode carve D, electrolytic curve 


/ 2 Type 2 2 (a) (the oxidant not being reversibly ¢ electrolysable)- —In this instance the electrolysis. 
cathode usually takes up a steady potential (A in Fig. 2), negative with respect to the indicator 
electrode potential (B in Fig. 2), whereas the anode (C in Fig. ?) follows the indicator electrode 
“4 potential, but runs much more positive after the end-point. This should give an S-shaped — 
. differential curve, but in practice oxidation products of the reductant, or other substances _ 7 
_ present or formed, show some reaction at the cathode as shown in i Fig. 2 and the result is a 
_ true differential curve, —_— in which the — starting at a | Tises to a peak at 
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DIFFERENTIAL ELECTROLYTIC POT TENTION TRY. PART 


end+ -point, slightly and becomes steady. As reversibility of electrolysis « of ‘the 
‘ _ oxidant increases and the electrolysis current density falls, the cathode curve shows a more | 
_ pronounced inflexion, and the fall in potential after the end- -point becomes } greater, so that | 


thecurvetendsmoretotheshapeoftypel, 


oes Type 2 (b) (the reductant not being reversibly electrolysable) —The anode, now inactive, 
attains a high potential with respect to the indicator electrode potential and either, ideally, 
‘da remains steady or, as partial reversibility occurs and the anode current density decreases, 
shows an increasing upward inflexion (Ai in Fig. 3), joining and coinciding with the iain 


electrode curve, B, after the end-point. The cathode meanwhile assumes a strongly negative - 
4 potential, C, which, in passing through the end-point, rises to coincide again with the indicator — 
electrode potential. Once more the potential across the electrolysis electrodes gives a true : 


differential curve, D, the rate of fall often exceeding 100,000 mV per ml. Starting at a high — 
potential value, the curve climbs to a small peak at the end-point and then drops abruptly — 
- tozero. The apellation “ “true differential curve’’ will appear justified when it is remembered — 
that the shape of the potentiometric curve for an irreversible reductant is of the Z-$ form 
when taken on low-impedance instruments. ® As the reversibility of the reductant system 
increases, the curves again tend towards the type 1 shape, as in the bromate - thallium! 
as... hen the reductant is added from the burette, the curve forms are, of course, s, transposed. 
In general, the current, no matter how heavily ballasted, shows a small inflexion in 
caper of type 1, in which both reactants are reversibly electrolysed, and this inflexion r 
“often coincides with the end- -point. Some examples are shown in the later diagrams. 2 ~ When 
one reactant is irreversible, by using sufficiently small current densities, or by using very 
ee ballasting, current variations can be suppressed at least below the sensitivity of the 
measuring instruments so far used. With lower ballasting, or higher current densities, — 
variations i in current occur, which can either be in the form of | inflexions s coinciding with the 
_ Since the differential peaks may exceed 1000 mV, with slopes in excess of 100,000 mV | 
_~per ml—indeed, on the ultra-micro scale, slopes over 108 volts per ml have been recorded’— — 
_ the method is very sensitive, and, as the continuous flow of current appears greatly to 2 7 
accelerate the attainment of electrode potential equilibrium, straightforward titration, with — 
a pH meter as indicator until the movement of potential suddenly reverses in direction, gives | 
_ very precise results as quickly as titrations with visual indicators, although some of the peaks , 
are so sharp in type 1 reactions (less than one drop of reagent) that care must be taken not © 
to pass right through without observing them. _ In such instances the peak can be broadened _ 
to give warning of the end-point by appropriate control of conditions. The results here 
reported were found by the graphical method as a detailed survey of behaviour in the end-— 
point region was desired. The method offers a precision of location of end-point better than — 
classical potentiometry by a factor of 2 to 10, and the increased speed in attaining electrode — 
potential equilibrium is of the same magnitude. 
__- This paper deals with the investigation of the precision nm and accuracy of the me method | 
as applied to a random assortment of redox titrations, and of the behaviour of the individual 
electrodes in various chemical systems. Detailed examination of the variants of the method © 
itself will be _ in a further dis the application to the.ultra-micro scale has already : 


= 


~ 


- 


a series (ballast) resistor to a battery. The potential is then measured across the two 
electrodes by means of a pH meter. As a general guide, the ballast resistor should not 
mi be less than 100 megohms, and the battery should be such as to give a current less than 
1 microampere; although currents up to 6 microamperes and ballast resistors as low 
_ as 10 megohms can give satisfactory results. A resistance of 200 — and a battery 
of 2 to 120 volts will give excellent service. 
_ - The more elaborate circuit in Fig. 4 was used in this investigation to provide fac facilities 
| for studying the behaviour of individual electrodes ‘Measuring c currents. 
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i” ete. ‘of N NPL A was check calibrated. 


Balances of sensitivities 5 5 pg at 50 g and 0-1 mg at 2 Kg were used with specially calibrated — ‘a 


= 0 to 1200-volt battery 


= = Electrolysis cathode} | inch of 
Weston $82) F = Electrolysis anode platinum wire 
D= pH meter. Special version of Doran 


switched inputs of impedance phate half cell, with saturated 
“ es ohms, and polarity revers- sulphate salt bridge 
ing switch. operation of (potential 465 millivolts positive 
to normal hydrogen electrode) 
itration vessel, normally a 400-m pone 
glass, speed controlle y Va 


= ‘Separate earth connection for. nega - 
electrolysis cathode - “calomel itive pole of battery and all iron 


AnalaR_ reagents were used and were tested for the presence of active impurities. 
‘ - Quantitative reagents were prepared by purification of AnalaR chemicals, checked for purity a 
: 2 by the recognised tests,1° and assayed by potentiometric weight titrations. Solutions of 
4 were prepared by direct weighing. 

thiosulphate, potassium antimony] tartrate, not of ultimate standard quality, a 7 

by in solution against ultimate standards. 


With a pipette, an aliquot of titrand is placed in the beaker, suitable amounts of acids | 
_ and other reagents added to give the required concentrations at the end- -point, and 
the solution diluted to give an end- -point volume of 200 ml, due allowance being made for 
. ‘ washings. The titrant is then added slowly from the burette with stirring until about 1 ml 
= the end-point, and the potentials allowed to settle down. Then diminishing incre- 
i= ments of titrant are added, proceeding through the end-point in split drops, achieved a 
7 is _ allowing a drop partially to form on the burette jet, picking it off with a glass rod, and washing 


it the beaker, then increasing increments to at least 1 ml past: end- After 


Reagents such as cerium compounds, sodium 


del M G= = Indicator electrode sealed in glass 
model M4981 fitted with = Saturated calomel - potassium 
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pach: increment, potentials are measured by switching the inputs of the meter in the order — 
a(t) indicator electrode - - calomel, electrolysis - calomel, electrolysis cathode 


y tervals (measured with a stopwatch), ‘depending 0 n the nature of the reaction, until the 
potential drift becomes less than 1 mV per woes Dog It is sometimes necessary to hen 
potentials in circuit for some time to allow capacitor charging currents to vanish. W hen 


electrolysis consumption inflexion (current 

0-1 M ferrous iron with 0-1M covate, in 0-5 sulphuric acid— 

19-46 19-45 19-53 

508 

Titration 0 “1M ferrous iron 0-02 M { potassium in 0-5 M acid— 
20-95 095 || 2089 2 20-95 


46- 44 46-42 46: 38 4645 “44 


46-43 46- - 46-46 


Titration | of ferrocyanide with 0-1 M cerate, in 0-625 M M sulphuric acid— 
2580 5-80 2581 5-80 
90 31 10:30 10-31 10-31 
1081 1080 10-82 10-31 
of0 0- 05 = thallium with 0- 01667 M M bromate, in 1-0M hydrochloric acid— 


(1860 wi 24:40 — 
25°64 25°64 


‘The particular in this paper were made at an early stage in 
ies work before all the factors had been investigated, and used rather high current densities. ‘ at 
Some of the conditions are definitely sub-optimum, but this did not affect the point at issue, 
}viz., the accuracy of the analytical results. In most experiments a source potential of 600 volts _ 
with a ballast resistor of 300 to 350 megohms, and a pair of l-inch 22-s.w.g. platinum-wire © 
electrodes placed parallel and 1 inch apart were used. In this work, readings of current were — 
taken at each increment of titrant. Where no entry is made in the current column in the 


a 


j __ Examples of reactions in which both oxidant and reductant are reversibly electrolysed 


include -cerat . ferrous iron and permanganate - ferrous iron. in which one 
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reactant is only partly ¢ electrolysable, but in which the curves resemble the doubly reversible Titra’ 


otentia 


P. 


Volume of 0-1 M cerate added, ml Volume of 0-02 M 
: ‘Fig. 5 
2. Figs. 5 and 6. Reactions of type 1: curve A, 
~ electrolytic potentiometry circuit; curve B, electrolysis anode - 
Sits en cell circuit; curve C, electrolysis cathode - calomel cell 
; curve D, ‘indicator - circuit 


+ 

manga, in 05 


— 


Ti 


of 1 01667 M added, ml rt 


Figs. 7 and 8. Reactions 1: curves lettered as for 
Fig. Titration of 0-1 M ferrocy: anide with 0-1 M cerate, in 0-625 M sulphatic 
— Fig. ot 0-05 M ‘thallium! with 0-01667 M in ‘0M 


218 
| 
Wc i 
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| 
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di Titrations were out conditions 1 in practice. Results 
are given in to! ad and one example of the family of curves S for each re 


An example of type 2 (a 2 (a) ), in which the oxidant is not reversibly Stallions. is afforded — 
by the dichromate - ferrous iron reaction. When the reductant is contained in the burette, -_ 
curves of the same shape (potential rising from a low value to a sudden peak and then levelling — 
off) are given by reactions in which the reductant is not reversibly oxidised, as in titrations 
of iodine with arsenic! antimony™! or thiosulphate. The rather anomalous case of the — 
vanadate - ferrous iron reaction at such current densities bears some oan to er 2 (a) 


TaBLe la 
REACTIONS OF TYPE 2 (a) 


_electroly sis consumption inflexion- -tnflexion inflexion 


current, off — 


m 
Titration of 0-1 M ferrous ivon 01667 M in 0-625 M sulphuric a 
1-79 ng 20-84 20-84 20-88 20-87 
4 Titration a as s above, with | the addition of 0-8 M. phosphoric me 


> 
78 = 20-86 20-85 20-88 
i 20: 84 20-88 


Titration of 0- 1M vanadate with 0 1M ivon, ‘in n 05 “5 M sulphuric 


“63 (29-64 65 29-6 
62 29-64 29-6 
29-2 


! 
| 


25-76 2576 

1M iodine with 0-05 M antimony? in buffer— 


35-40 2540 
in hydrochloric a 
25-82 82 (2583 5-82 


© 


id 
8% 
rsibl | 
I 
| 
= 
xe end-point is the point of 
| 
4 erential current 
 inflexion, 
i 
20°36 
86, 
Titration of 0 
25-76 
—" 
in 
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‘DIFFERENTIAL ELECTR TROLYTIC POTENTIO 


consumption, potentiometric anode potential cathode potential —— 


of titrant, inflexion point, inflexion point, inflexion point, ; 


Titration 0-025 M hydrazine with 01667 M 10M hydrochloric acid and 0-1M potassium 


% Titration of 0-05 M arsenic! with 0-01667 M bromate, in hydrochloric 


20 25-21 21 25-21 


‘Titration of 0-05 M with 0-05 M chloramine-T 


(b) in 20M hydrochloric « acid and 0-1M potassium bromide— 


(c) in bicarbonate buffer and 0-005 M potassium 
(d)* in 40M hydrochloric acid, with addition of 2 mi 1-0M iodine (Andrews- type 


- * The curve form is of type l. 
we 


LmV 


Volume of 001667 M dichromate added, mi Volume of 0-1 M vanadate added, 


Figs. 9 and 10. Reactions of type 2 curves lettered as for Figs. 5 a and 
4 ‘Fig. Titration of 1d M ferrous iron with 0 0-01667 M in 2 625 M 


ss‘ Fig. 10. Titration of 0-1 M ferrous iron with 0-1 M vanadate, in 0-5 M sulphuric 


| 


» 


April, 
‘ 
be 
4 
8560 
4 

= 

lm 
—- 
= 


{ 


we 


ant 26 5 26 2 
Volume of arsenic” Volume of thiosulphate of antimony" 
added, added, ml added,mi 


Fig. 11 Fig. 12 Fig. 13 
Figs. 11, 12 and oon Reactions of type 2 (b), in which reductant is 
ae added from the burette, giving curves of type 2 (a): curves lettered as for 
ty Figs. 5 and 6 
Che ‘Fig. 11. Titration of 0-1 Mi iodine with 0-05 M arsenic!I, in 


Rig. 12. Titration of 0-1 M iodine with 0-1 1 M thiosulphate, in 


Fig. 13. "Titration of 0-1 M iodine with 0-5 M antimony", in bicarbon- 


Figs. (14, 15 16. 
as for +5 


att 

is f 0-05 M oul Ww h 1667 


Fig. 16. Titration of 0-05 M antimony 
_bromate, in 10M acid and 0- 1M ‘potassiom 
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| Reactions of type 2 (6): curves lettered 
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DIFFERENTIAL ELECTROLYTIC PART 


ae When nian normal procedure of adding » the oxidant from the burette is followed, ‘the 


- jodine reactions cited above give curves of type 2 (6), wherein the potential, initially high, 
_ often rises to a little peak then falls abruptly to zero. Such reactions are exemplified by 
titrations of hydrazine, arsenic!!! and antimony!!! with bromate, and of arsenic!!! with 
os ~ chloramine-T. _ Some results of such titrations are given in Tables TIA and IIs and typical 
families of curves are illustrated in Figs. 9to 14,00 
yt It is worthy of note that, in all experiments, the algebraic difference between the anode - 
calomel and cathode - calomel potentials is in close agreement with the experimentally 
measured differential potential, commonly to within 1mV; seldom does the difference) 
Further, to check the precision (replicability) and accuracy of the method, some deter- 
were made by arbitrary standard weight titrimetry," materials of 


: purity | being used. sed. Th he are Ill. 


current, 0-795 BA; ratio of solutions, 1- 00220 

Ratio of solutions by weight 

$$ 


10021 — -002 100220 00221 
~1-0021 1-002 -1-00219 1- 00220 
a I thank Dr. V. J. Jennings, who contributed the work on the chloramine-T - - arsenic!!! , 
_ reaction, and Imperial Chemical Industries Limited and the Baker Platinum Division} — 
_ of Engelhard Indus Industries Limited for the loa loan of instruments and and apparatus u used in n the work.| 


Bishop, E., Mikrochim. Acta, 1956, 619. 

2. Dutoit, P., and von Weisse, G., J. Chim. Phy 

3. Foulk, C. W., and Bawden, A. T., J. Amer. Chem. Soc., 1926, 48, 2045. 

 Reilley, C. N., Cooke, W. D., and Furman, , Anal. Chem., 

2 Duyckaerts, Anal. Chim. Acta, 1953, 8, 

6. Fenwick, F., Thesis, Ann Arbor, Michigan, 19a 

; 7. Sandved, K., and Backer, J., Tidsskr. Kemi Ber 

8. Bishop, E., Anal. Chim. Acta, 1952, 7, 15. .. 
, Analyst, 1953, 78,149... | 
10. Kolthoff, I. M., and Stenger, V., “Volumetric penis Interscience Publishers Inc. .. New York 
lh Bishop, E., Symposium on Analytical Chemistry, Birmingham, 1954; ‘Anal. Chim. Acta, in the dens; 


Notre—Reference 1 is to Part I of this series. 


| 
‘ 
q 
q 
ail 
- 


a1. 83 1958] 


hug An 


e ebulliometer described embodies a modified Cottrell hal 4 


cavity, w hich reduce superheating to a minimum. A suitably aged 
thermistor is used to measure temperature changes. The temperature Se 
variation of a boiling solution can be kept within + 0: 001° C for considerable 
AS periods. The ebulliometer permits the rapid determination of molecular 
weights. Results are presented for a wide variety of compounds w 
- molecular weights from 100 to 314, determined in acetone or benzene. 
a {3 An error of + 2-1 per cent. is obtained with 50-mg samples, each determination “a ‘ad 


rence 
| 
eter- 
eight 


= taking about 3 minutes; a 200-mg sample added in four portions gives an 

idl 5 error of + 0-8 per cent. The principles on which the design of the ebullio- 

| meter is based are discussed. It is noted that pure solvents are prone to | 

- superheating cycles, which are suppressed by adding small amounts of solute. 

desis ‘of an ebulliometer for the accurate measurement of boiling- -point 


& (t) ) The ‘concentration of the solution, the temperature of which is being measured, 
54 i) There should be no residual superheating of the solution that is in contact with = 
| at the boiling-point of the pure solvent. 


should be constant and relatively insensitive to different rates of boiling, 
(iit) | The temperature measured must be that of the solution in equilibrium with with vapour + 

- If the thermometer is not to be immersed in the liquid, its heat capacity should _ 


nicHtl be small, so that it can attain the temperature of the small volume of liquid with a 


ak. The apparatus should come to equilibrium rapidly or or appreciable errors can result 


It should be possible to detect small changes of accurately, s so that 
; es can be made in solutions sufficiently dilute for departures gai 


ideality to be small for as many solutes as possible. 


“(ei The apparatus should be reasonably simple to use. 


% In order to satisfy the first of these conditions, both the eile suai ind the internal 
burface of the ebulliometer should be small compared with the volume of the solution. 
(ondensation should take place in a well defined region in the condenser and, so far as” 
possible, nowhere else. Moreover, the condenser surface should be the smallest compatible — 
York ith efficient | _ working. . In the conventional type of ebulliometer, which makes use of a 

(Cottrell pump, the jets are positioned well above the liquid level and are protected from con- 
in thefensate by a sleeve enclosing the thermometer and the jets. This arrangement not only — 
rie oe reates an excessive amount of dead space, but also entraps a certain amount of air. Hence © 

he liquid that bathes the thermometer is not in equilibrium with saturated vapour. Some 
,, 1957#mprovement is effected by wrapping the thermometer bulb with cotton-wool or muslin.2.3 
"~~ fAlthough this considerably improves the steadiness of the readings, there is still a tendency 
ff drift, and cycles of high and low temperature that fluctuate occasionally by as much as 
)-01°C can occur. This is partly caused by condensation on the thermometer stem from 


rolder parts of the vessel. Unless the rate of pumping is high, the thermometer cannot be 
maintained at a a steady temperature, and the normal apparatus requires a long time to come 

_ The requirements of small dead space, high pumping speed and small sili surface _ 
bre > incompatible with the usual designs of ebulliometer. Moreover, high pumping speeds 
ean that the work of pumping is appreciable and this has led to cycles of superheating. 
fhe liquid is often forced up the narrow tubes leading to the jets under sufficient pressure ay" 
knd at such velocities that it has not had time to dissipate its excess heat, although it is a 
-jintimately mixed with vapour. Gentle boiling and a short pump provide the best compromise. ‘ 
& Simple immersion of the thermometer in the boiling liquid is unsatisfactory for reasons 
hat are not always clear, _ most important being that ad turbulence in the neighbourhood 


high, 
with} 
| 
ode - 
tally) 
i 
| 
j 
| 


therm ometer bulb is never great enough to mix the liquid and vapour adequately 
~The temperature of the solution is not uniform throughout its bulk, as regions of super: 
_ heating near the heat source grade to regions below the boiling-point at the surface of the 
— ee: Hence, some arrangement has to be provided whereby an intimate froth of 
- solution and vapour is brought into contact with the thermometer, preferably as near the 
liquid surface as possible. This contact should also take place in a region that is complete! 


_ Saturated with vapour at the boiling-point and protected from condensate.  —_ ' 


The method of hantiog used with an is of great importance. ares The 
over which heat is applied must be as small as possible if superheating is to be avoided. It * Y 
“a has been shown® that there is a characteristic temperature difference between the heating is h 
“s surface and the liquid, of the order of 50°C for most liquids, for which heat transfer and} inne 
. = hence ebullition is most efficient. This is the temperature region in which bubbles of vapour} wat 
eo formed at definite points on the heating surface; the remaining areas on the hot surface} the 
_ simply produce superheated liquid. Once it has left the surface, superheated liquid can only] the 
come into equilibrium by contact with vapour, or by heating the surrounding liquid, which} of a 
a a slow process. _ Thus, by keeping the area of heat transfer small, a concentrated froth of 


or tungsten wire sealed thou the base of the vessel; a practice common to many 
Beats were ‘carried out on several Cottrell pumps with different tube diameters. 
was noticed that for a given internal diameter the efficiency of pumping varied markedly 
with different solvents. A diameter of 2mm, although adequate for acetone, was useless 
for water, and gave poor results with ethanol. A diameter of 3mm allowed an adequate 
flow of ethanol, but, unless the length of tube above the liquid level was short, the pumping 


of water was unsteady. A m minimum bore of 4mm was needed for steady pumping with 


all three solvents. 
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—— __ is satisfactorily fulfilled by the use of a thermistor, and this has also made possible the design} fth 
a isolated from the main body of the hquid the superheating is further minimised. In the§ one 
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HEITLER: AN IMPROVED EBULLIOMETER 
itely, APPARATUS— We 


pers diag iagram of the ‘ebulliometer i is in Fig. 1. The apparatus co sofa 
| flask approximately 5 cm in diameter. The boiling chamber, A, is in the shape of a tube that 
penetrates the flask and communicates with the bulk of the liquid by four holes just at the a: 
r the§ inner side of the junction with the flask. _ The tube extends about 2cm below the flask and 
letely) continues about 1-5cm into the flask. The internal diameter of the tube is constricted 
from about 12 mm to approximately 4mm at B. The constriction opens into a spherical 
cavity, C, 12 mm in diameter, pierced around its equator by four small holes, and with a + 
fifth hole, D, just large enough to admit the thermistor at about 60° off the axis. A cold- 3 
finger condenser fits in the vertical tube, E, which has an internal diameter of about 1 - 
The thermistor is introduced through the standard B14 ground-glass socket, F. ree - 
__ The thermistor, T, fits into the tube in the ground-glass stopper, A (see Fig. 2). It 
is held in place by a rubber ring at the outer end of the tube and a polythene seal at the 
inner end, which is slightly flared for the purpose. This seal, which is effective for ethanol, 
water and acetone, is produced by melting the end of a stick of polythene and wrapping — 
the semi-molten polythene round the thermistor just above the flare. While it is still soft, 
the polythene is forced into the annular space between the thermistor and the tube by means 
which} of a second glass tube slipped over its end. Later, a nylon sleeve was found to be of more ~ 
th off seneral use. The tip of the thermistor should be at the centre of the cavity.? Paiell 


_ thermistor used was the design (series F) produced by Standard & Cables 
ion 


mately and i is given b by the equation— 


4 The constant and 6 differ for each thermistor, and the constant, which fixes cimenaiiniins of the — 
instrument, is liable to unpredictable fluctuations when the thermistor i is new. Ageing, by | 
3 repeatedly heating and cooling over the temperature range in which it is to be used, reduces — 
4 these variations considerably. An alternative method of ageing, which can be applied to— 
“4pm thermistors of high room-temperature resistance, i.e., about 100,000 ohms, is to connect 
_@ the thermistor to a 6-volt source at room temperature for 4 or 5 hours. Although it is not 
} possible to measure absolute temperatures with greater accuracy than +0-1° C, small changes” 
in temperature can be determined with considerable precision. Moreover, when the tem- a 
perature difference is of the order of 0-5°C, it is found that the relationship between the | 
concentration of a boiling solution and the resistance of a thermistor in contact with it is 
_@ sensibly linear. The thermistors used were of the type with a room-temperature resistance © 
_ §§ of about 100,000 ohms. These have a temperature coefficient of resistance of approximately f 
| The temperature coefficient of resistance was found to be constant. _ Examples of = 


sensitivity i in ohms za °C of three thermistors at the or point of acetone were as follo ws— 
Approximate resistance at 56° ohms .. 
Sensitivity at 56° C, oh ee 
The advantages of the are— 
The minute heat capacity of its thermal 
(72) Its almost instantaneous response to even very ilk eo in the temperature 


Z iit) Its resistance changes are large and a simple bridge circuit is adequate for their 
ti 


The Principal disadvantage i is that each has aged and calibrated 


] 
| 
aikutig are separated by glass spacers. They are connected by very fine wire to a small mass 0 
many} semi-conductor sealed into the glass at the tip, 
5. 
ke 
sel 
qu a 
np : 
ab 
| 
2i 
| 
chy 
i 
it 
wey | or each solvent. This is done by determining changes of resistance for given concentrations — 
of a standard substance in an optimum volume of solvent. 


226 

anges a are the one arm a Wheatstone 

“waa the variable resistance of which is of the decade type with five decades.* cil galvano- 
: _ meter with about 50 ohms internal resistance and a sensitivity of about 2cm per pA is | 
adequate to detect the out-of-balance current. _ The current actually passing through the | 

; = a The volume of solvent used should be sufficient to bring the liquid level a little way 
below the constriction in the boiling chamber. — Models with capacities of 10, 20 and 25 ml 

_ have been used. These were optimum capacities, , and with each there was a latitude of 

gs ‘The ebulliometer was originally designed to follow rates of reaction® and often the 
largest capacity was most useful for this purpose. For molecular-weight determinations, 

_ when only a small sample may be available, the smaller models are more suitable. sa 

A draught shield is essential to obtain steady conditions.* This can conveniently be 
an sanenten Cage that encloses both the ebulliometer and the microburner, as shown 


e, ohms 


a” 


_ When ebullition has commenced the central cavity is filled with a froth of vapour and 
liquid. The excess squirts through the equatorial holes and flows more gently outwards 
_ Tound the point of entry of the thermistor. This outward flow of liquid effectively keeps 
_ condensate away from the thermistor tip. Steady pumping can be maintained with very — H 
= flame heights. However, the temperature in the cavity is insensitive to difference | 
a in flame height, which can vary from less than} tol inch, 
‘ re It has been noted on many occasions that pure solvents have a greater tendency towards 
- superheating and random fluctuations of temperature than have solutions containing very 
_ small amounts of solute. Once this small concentration of solute has been attained the 
_ temperature of the boiling liquid does not vary by more than 0-001° C for considerable periods; — 
-acondition that rarely occurs with a pure solvent. The first addition of solute to the boiling 
= solvent always produces an elevation less than the theoretical value. Sometimes a very small 
—_ - addition will lower the apparent boiling-point. This effect Pgs shows up clearly in the | 
graph of change of resistance against concentration (see Fig.4), 
___ A small amount of inert solute can be added to establish a zero for a determination, 
and then a weighed amount of the sample. However, greater precision results when a series 
Ss additions of solute is made and the elevation (in ohms) is plotted cat the weight 


i — bd A compact bridge, and also the glass parts 0 of the apparatus are now being ma manufactured by Messrs. 
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P 
added. @ ‘The slope of this graph gives a more reliable value for ar nolecular a than 
that obtained — a a single addition of a similar total weight. salen SY nie 


iG 


Change of resistance, ohms 


ve 


5. Change of resistance 


Weight of ‘solute, mg ~ time by the addi- 
ad tion of benzoic acid to 25 ml of 
Fig. 4. Relationship between weight of solute and change boiling acetone. Equilibrium is 
of resistance: curve A, benzoic acid; curve B, naphthalene; curve — reached in 1 minute; the 100-ohm 
C, coumarin; curve D, m- -dinitrobenzene; curve E, benzidine; step corresponds to a change in ; 
_ curve F, phenyl salicy late temperature of about 0-1°C 


PROCEDURE F FOR ‘DETERMINING MOLECULAR WEIGHTS— 


_£ typical determination is carried out as follows. Introduce an n appropriate ‘volume. 

of solvent by means of a pipette. Light the microburner and adjust its position so that — 

the flame is immediately below the platinum wire sealed into the boiling chamber. Set the 
"flame height at about } inch and allow about 5 minutes for the temperature to become steady. 
Remove the cold-finger condenser and add a few milligrams of sample by way of the side tube. — 
When a definite elevation has been observed, the apparatus is ready for a determination. — 
‘Bring the galvanometer to zero and note the reading on the decade box. Add a weighed | 
amount of the sample (about 50 mg if 20 ml of solvent are used). . Note the reading on the > - 

decade box 1 minute after the galvanometer has become steady. The total time for each -_ 

reading is about 3 minutes and depends on the rate at V which the sample dissolves (see Fig. 5). 

___ For solids it is convenient to prepare pellets by means of a press, and to have them ready — 

weighed. Much delay in making the observations can lead to serious errors if the barometric _ 

pressure is not steady. Liquids are added with a teat-pipette, 3 or 4 drops at atime. The 

pipette is weighed in a specimen tube with the sample, and the amount added is 

A total weight of about. 200 mg added i in four f portions 1s will give a a result reliable to within 

+2 per cent. for most solutes, and for pure solids an error of +0-8 per cent. has been 

obtained. Iti is important that the elevations for a number of small increments should be ‘ 

measured, especially for liquids. Occasionally, small amounts of sample, ‘particulary of 

liquids, may not drain completely with the solvent from the condenser tube. This residue 

is removed when the next addition is made and accounts for most of the scatter in the indi- — 

_ When the amount of sample i is too small to. permit this procedure, | 30 to 50 mg should 

be added to, say, 5 ml of solvent followed by an equivalent amount of reference compound.! 1 


The results obtained by this method are reliable to +3 cent. 


‘CALCULATION OF MOLECULAR WEIGHTS— 

% “ (i) Determine the ratio change i in ohms: per g-mole of solute in a particular » volume of 
solvent for a standard substance, e.g., for benzoic acid the slope of the graph of weight added 


change in in resistance with 20 mi ml of acetone in the was— 
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the ratio change in resistance against weight added for the substance under 


save) Hina e.g., a hydrocarbon was found to give a slope of 260/0- -4 = 650 ohms per g. 
Then the molecular weight is 109,800/650 = 169. 
_ (t#7) In general, if the change per g-mole produced by the standard substance is K, 
_ which may be called the ebulliometer constant for x ml of e molecular weight 


— R = change in resistance in ohms, and ‘ 
w= weight of sample added in grams. ee 
can be by the slope of 


TS W TH “15 OF ACETONE AS SOLVENT 
‘Molecular weight Molecular weight. found— | 
found calculated d molecular 
Benzoic acid 
_ DETERMINATION 0 OF MOLEC ECULAR WEIGHTS WITH 20 mi OF ACE ACETONE AS” SOLVENT a 
it Substance found calculated molecular weight 


The the slopes of curves in F are, in Table I. 
_ The determinations were carried out in 15 ml of acetone. The standard deviation of the 
." in Table I from the theoretical molecular weights is +08 percent. jg jf 
The results shown in Table II were obtained by using another thermistor and 20 ml 1 of 
acetone in a slightly larger apparatus. . These results were calculated from a ‘separate 
The average weight of the individual additions for the results shown in Tables I and II 
was 63mg. The standard deviation of the results calculated from each separate addition 
(in the linear region only) was +2:1 per cent. _ This corresponds to an uncertainty of about 
1 ohm in each reading, but this error is not cumulative. — Normally, sufficient solute should - 
_ be added to produce an elevation of between 30 and 60 ohms at each addition. __ 
__ The results obtained with liquids were less precise, ¢.g., the values for a sample of methyl 
ricinoleate were 307 + 4 from the slope produced by four additions, and 306 + 9 from six 
_ direct comparisons with benzoic acid in 5,10 and 15ml of acetone. ts” 
Benzene requires the addition of a stabilising solute before steady readings can be 


made; coumarin, methyl ricinoleate and fight lubricating oil have been used for this = , 


Weight ofsolute,g .. .. 02594 06675 } 
Change in resistance, ohms 0 53-7 «112-2 tis & dot 
_ With naphthalene as the standard, this gives molecular weights of 168 for m-dinitrobenzene 
- and 204 for dibenzylamine (theoretical value 197). These figures indicate the possibility 


‘that successive determinations can be made in the same solution. thermistor resistance 
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RECOMMENDE D METHODS: FOR THE . AN ALYSIS OF TR: ADE EFFLUENTS 


PREPARED BY THE JOINT A.B.C.M. -S.A.C. COMMITTEE ON 
METHODS FOR THE ANALYSIS OF TRADE EFFLUENTS 


Methods for the Determination of Residual ‘Chlorine, 


_ Cyanides and Thiocyanate, Fluoride, Formaldehyde >and = 

THE residual chlorine content of an ‘effluent sample will tend to decrease after f 


s ‘collection, particularly in hot weather and if the chlorine is not in combination — 
“ with nitrogenous is therefore important that residual-chlorine tests 


“accuracy are not required, commercial chlorine- -testing outfits : are . useful for such a 
When the sample contains ‘suspended matter, a portion should be allowed to 
__ stand for 15 minutes, and the supernatant liquid tested for chlorine. = 
pos __ In all, four methods are given, covering different ranges of chlorine content 
the or otherwise of certain interfering compounds. — 
‘The colour reaction of the residual ‘chlorine with o-t« 
For residual chlorine contents up to 1-0 mg per litre of sample. 
This method measures total residual ‘chlorine (free and combined). -Nitrites 
and ferric and manganic compounds may interfere: results are acceptable without _ 
-—_eomection if the sample contains less than 0-2 mg per litre of ferric iron or nitrite _ 
nitrogen, or less than 0-01 mg per litre of manganese in the oxidised form. When bis 
Og _interfering oxidants are present in amounts exceeding those stated, they are separately 
_ 7 determined after removal of the free chlorine by arsenite and the value obtained © rin 
is subtracted from the uncorrected result. The interference by nitrites is more | ued 
marked if the sample is unduly exposed to Cr < during the test. Toceit 


= acid, diluted (l + 4.9 from 
_ 0-Tolidine solution—Dissolve 136 g of o-tolidine hydrochloride in 1 litre 
- diluted hydrochloric acid (1 + 9). The solution must be stored in an amber bottle. — 
i - Reagent of satisfactory quality can be purchased; if necessary, it can be prepared 
_ from less pure material by recrystallising from hot dilute hydrochloric acid solution 
_ after decolorising with activated carbon, 
Sodium arsenite solution—Dissolve 0-5 g of meta- 


“directions are given the preparation of the 
“temporary” ‘Standards, which can conveniently be prepared from hypochlorite. 


48 
| 
| 
| 
4 
q 
| 
‘ 
4 | 
actually based on chiorine and to their relative instability, it has long been customary 
Be v2 to compare the 0-tolidine colours either with standard solutions containing dichromate =} 
4 
‘f 


corre 


centrations of are to Table I. _ Mix the appropriate 
volumes of the acid copper sulphate and acid dichromate solutions 
and dilute to 100 ml with distilled water. 


sium 


copper er Acid potassium Acid Acid potas 


2 


4 
-0 1: 2-0 
“1 
“2 


‘These are supplied with testing and it is to exactly 


: the instructions of the manufacturers for t the > preparation and use of the reagents. | 


a 
| 


_ Prepare a stock solution of sodium hypochlorite to contain approximately 
| per cent. of available chlorine. Determine the concentration of this solution © 
—— before use by delivering a known volume into an excess of 0-1 N ~ 

nhs ‘sodium arsenite (containing sodium bicarbonate) and titrating the excess with 
1 N iodine solution, using starch as indicator, 


" ee be c comgieaaly free from ammonia and of zero chlorine demand. To this end, 
ere ammonia-free water (prepared by distilling tap-water to which sulphuric acid 
vei and a few crystals of potassium permanganate have been added) is dosed with 
-——sulficient dilute sodium hypochlorite to give a residual chlorine reaction of about 
a 1 mg per litre after 30 minutes. The chlorinated water (in a glass- stoppered — 

dottie) is then allowed to stand in direct sunlight until no residual chlorine 

/ sie detected when 50 ml are tested with o0-tolidine solution. The dissipation of 
the excess of chlorine may take some days, even in strong sunlight. 

All glassware to be used in the calibration and test should be filled = 
| ee heavily chlorinated water for ‘some hours, afterwards being rinsed ey a 


"Should the effluent have a total alkalinity (measured as described under 
4 “Preliminary Examination of the Sample: Alkalinity”) exceeding 400 mg per litre 
(as CaCO3), add sufficient dilute hydrochloric acid to reduce the alkalinity to this 
q figure. Carry out the test on this SED, | and allow for the dilution when a 7 
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of permanent solution stendards—Compare the test solutions with the 
_ standard solutions in Nessler cylinders: the colours must be viewed from above a 
in north daylight, and not in sunlight. It must be emphasised that the amounts 
¢ copper and dichromate solutions required to match the colour produced by a | 
‘given chlorine content are somewhat dependent on the depth of liquid viewed. — 

_ Permanent solution standards should only be used when the test samples are | i 
free from appreciable or When they ‘used, should 
j% For chlorine contents less than 0-1 mg per litre—to nearest 0-01 mg per litre. 

For chlorine contents between 0-1 and 0- 4 mg per litre—to nearest 0-05 mg per lit litre. 


‘e For ‘chlorine contents more than 0-4 mg per li litre—to nearest 0-1 mg F per litre litre. ‘ara 


Oe Use of coloured-glass standards—Proprietary testing outfits should aaty be used © 
in in accordance with the makers’ instructions, and the analyst must make sure that 
= the results so obtained agree with those given by either of the two other procedures. 
_ Testing outfits are useful for field work, and are especially valuable because they 

_ readily permit compensation for colour and turbidity by placing behind the standard _ 
glass a control tube containing a portion of the sample that has not been treated 

a with the o-tolidine solution. It is recommended, however, that this control tube — 
should contain a portion of the sample that has been acidified (1 ml of diluted 
hyd drochloric acid (1 + 9) per 100 ml) in case acid-soluble suspended matter is present. 
Instrumental method—Measure the optical density of the test solution in a spectro- 
_ photometer or in an absorptiometer, using a l-cm cell and a wavelength of 4350 4 

ina spectrophotometer or a suitable violet filter in an absorptiometer. Use distilled — 
_ water in the comparison cell. Read the number of milligrams of chlorine equivalent 


: ee _* the observed optical density from a previously prepared calibration graph and, a 


_ after allowing for any initial dilution of the sample, obtain the net measure of residual — 


Establish the calibration graph as follows— to 


ry  *F rom the stock hypochlorite solution, prepare a series of standards covering — 
the range 0- ‘02 to 1-0 mg of available chlorine per litre, using zero-demand 
es 6 water at a temperature of 20° to 22° C for the dilutions. Do not prepare more ~ 
4 than two or three of these diluted solutions at a time, and add the o- -tolidine | y 
reagent (as described for the test solution) immediately afterwards. Allow the | 
solutions to stand for 15 minutes in the dark and then measure the optical © 
densities in l-cm cells, using distilled water in the comparison cell. Construct — 
a graph relating the optical densities to the number of milligrams of chlorine { 
Whichever method of determination is used (instrumental | or visual colour 
SS the result as milligrams of residual chlorine per litre of sample. 
__ To correct for colour or turbidity, measure also the optical density of the sample — 
after addition of 1 ml of diluted hydrochloric acid (1 + 9), using the same cell-length 
a wavelength or filter as before. Subtract the value obtained from the gross 
. — density previously measured in the presence of o-tolidine; the difference e then © 
corresponds to the true residual chlorine content. 
Samples containing oxidising agents—To 100 ml of the sample add 2 ml of sodium — 
_ arsenite solution, mix and at once add 1 ml of o-tolidine solution. Mix again and = 
-_ raise the temperature to 20° C if necessary. Allow the solution to stand in the dark — 
for 15 minutes: any colour that develops will be due to interfering oxidants. Measure _ 
‘it in terms of residual chlorine content and subtract the value obtained from the _ 


gross value for residual chlorine to give the true chlorine ne wee. 


eed Iodine is liberated from potassium — by the — and i is titrated with “4 
sodium thiosulphate solution, 


i 
= q j | 
q 
| 


ty 


af The method i is suitable for residual chlorine contents in the range 1 to 10 mg 
per litre: of sample. Higher concentrations can be determined by: 


J 


_APPLICABILITY— — 


titre obtained within the pH range 4-5 to 8 ‘0 will _ usually | approximate to the true ee 
must stated or not the titration was made in acid solution. 
Potassium iodide solution, 10 per cent. 
_ Potassium todate solution, 0-005 N—This solution may be. prepared 
by diluting a stronger standard solution (e.g., the N/80 solution used in the 
Permanganate Value test (see “Oxygen Demand”), 100 ml diluted to 250ml). 
Sodium thiosulphate solution A (approximately 0-25 N)—Dissolve 63 g of sodium 
thiosulphate, Na,S,03.5H,0, in 1 litre of boiled and cooled distilled water. © ee 
Sodium thiosulphate “solution B (approximately 0- 005 20-0 ml of 
with standard potassium iodate solution, as follows— git 


500 ml of distilled water to below 20° add 10-0 ml ‘of 0-005 
Potassium iodate solution, and then 5 ml of potassium iodide solution and 
5 ml of acetic acid. Mix and allow the solution to stand for 1 minute.  Titrate 
a | with sodium thiosulphate : solution B, with constant swirling, until the colour 
_ Of the liberated iodine is nearly discharged; then add 2 ml of starch indicator 
the titration until the blue colour for at 


gE titration in dilute acetic acid. When these ptt are present, the 


Not more , than 2mg of ferric iron per litre should be present; nitrites sand 


ver 


Should the effluent have a total alkalinity (measured 2 as described under ‘ ie ‘Pre- 
liminary Examination of the Sample: Alkalinity’’) exceeding 400 mg per litre (as 

_ CaCO,), add sufficient dilute hydrochloric acid to reduce the alkalinity to this figure. 
Carry out the test on this adjusted sample and allow : for the dilution when calculating 
ao 500 ml of the sample (adjusted if necessary) to below 20°C, add 5 ml of 

- potassium iodide solution (or 0-5 g of solid potassium iodide) and 5 ml of acetic acid. > 
Mix and at once titrate with sodium thiosulphate solution B until the colour of the 


_ liberated iodine i is nearly discharged ; then add 2 ml of starch indicator solution sand > 


mee a nitrite, oxidised manganese or more than 2 mg of 
= litre are present—Adjust the pH of the sample to between 4-5 and 8-0 by addition © 
4 of acetic acid (or sodium acetate) as necessary. Titrate the solution as described 


above, but omit the addition of any further acetic acid. # 


Note—If there we were re transient t existence of dichloramine i in an an effluent, , the 1 neutral titration on 
eats might give low results: such a a circumstance would, , however, seldom occur, 
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q £ 1 ml of 0-005 N thiosulphate = 0-1773 mg of chlorine. 
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Oh 
Tunes methods are. e given. 


In the Titration Method, oe of 
- = ile a preliminary distillation with acid cuprous chloride is used for the deter- _ 
mination of total cyanide: any complex cyanides that produce hydrogen Geetate 


_ under these conditions will be included. — Howev er, by the use of lead acetate _ 
4 ‘instead of acid cuprous chloride, ferrocyanide (which is relatively non-toxic) is 
_ excluded and can be separately determined in the residue after distillation. ‘en a 
_ Aldridge’s Method,? which is applicable to low concentrations of cyanide, is used 
_ for the determination of any compounds that produce thiocyanate or cyanide radicles _ 
under the conditions of the test: ferrocyanide, ferricyanide and cyanate are not 
_ determined. A modification is given for the separate determination of thiocyanate. 
= a In the Ferric Thiocyanate Method, thiocyanate alone is determined. = 


_ Any determination of cyanide should be made as soon as possible after the 


sample has been collected, since many cyanides are relatively unstable. If delay 
in the analysis is unavoidable, , the pH of the sample should be raised to 11 or above | 
by the addition of sodium hydroxide, and the sample subsequently stored in a 


“« bi After distillation of hydrogen cya cyanide, | the cy cy anide is titrated directly v wit 


using #-dimeth lidinerhodanine as indicator. 
Lyla y 


For cyanide contents (as CN’) above 101 0 mg per 


An all-glass distillation spares, 
water-cooled condenser. 


Sodium hydroxide solution, 2-5 
Silver nitrate solution, 0-1 N or 0-01 N. 
For use in methods (a) and (c)— 
Acid cuprous chloride solution—A 2 per cent. w/v solution in in approximately 
hydrochloric acid. This. solution must be be freshly prepared. 


‘Rhodanine indicator solution—A 0-02 per cent. w/v solution of p- -dimethyl- 


Lead acetate solutton—Dissolve 2 200 g of lead acetate, (CH H, 4f C00),Pb 


o orange indicator solution—A 0-04 per cent. w ton, 


) Determination | of total cyanide, including ferrocyanide ols 


ax Measure into the distillation flask a suitable volume of the effluent : sample 
_ (containing 10 to 15 mg of cyanide ion when the content is less than 200 mg per 
_ litre, or containing at least 100 mg of cyanide ion when the content is greater than _ 
_ 200 mg per litre), and adjust the volume to about 400 ml with distilled water. A Add — 
of acid cuprous chloride solution and assemble the apparatus. 
Place a conical flask containing 10 ml of sodium hydroxide solution under the 
‘a condenser, .so that the end dips below the surface. Distil the mixture and, ‘when 
-_ i 50 ml of distillate have been collected in the flask, replace it by a second flask con-_ 
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a continue the distillation into a succession | of flasks until il all t the hydrogen cyanide 
_ Titrate the contents of the flasks separately with 0-01 N silver nitrate solution - 
‘ (or 0-1 N silver nitrate solution if the cyanide content of the sample i is greater than 
— 200 mg per litre), using 2 drops of rhodanine indicator solution in each flask (see : 
_ Note). The end-point is indicated by the appearance of a red colour. | Calculate | c 
cyanide content from the sum of the titrations. 


1 1 ml of N silver nitrate solution = = 52 mg of cyanide i ion. 


ie 
an excess idee the 


into the distillation flask a volume of the effluent 
containing not more than 200 mg of cyanide in any form) and add mineral acid or 
§ of cy: y 


sodium hydroxide as necessary to make the solution approximately neutral to methyl 
. Dilute the solution to 400 ml and 10 ml of lead acetate 


4 (c) Determination. of ferrocyanide 


The in the distillation flask after the determination of in 
method (6) can be used for the determination of ferrocyanide. Dilute the mixture 
to 400 A, with distilled water and add 10 ml of acid cuprous chloride ‘solution. i 
‘Proceed to determine the cyanide as in method (a 
flask . ” ‘in the second paragraph. 


which is then determined colorimetrically as the red compound formed by — 
with benzidine in pyridine solution, = 


ys The method i is — applicable for the determination of any compound 
that produces -CN or -CNS on acidification ferricyanide 
Arsenious acid solution—Dissolve 2g of arsenious oxide, As,O;, in 100 ml of 
ars Benzidine reagent—Dissolve 5 g of benzidine hydrochloride in 100 ml of distilled 
water 2 ml of acid gr. 1:18. This solution 


a 
g this method, cyanide and thiocyanate are converted to cyanogen bromide, 


distilled water. _ Standardise this solution | frequently with 0-01 N silver nitrate a 
solution (1 ml = 0-52 mg of CN’), using rhodanine indicator solution (see * ‘Titration .. 
a Method”). Adjust the solution so that 1 ml contains 1 mg of CN’. 
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‘shine this stock solution prepare a dilute solution freshly as required by = 
EY eo 10-0 ml to 1 litre with distilled water, and diluting this a further 10 times. woe 


(a) Determination of cyanide and thiocyanate 


_ Into a glass- stoppered tube (calibrated at 10 ml) measure 2 ml of the sell, 
sample, adjusted by dilution if necessary to contain not more than 2 yg of cyanide 
ion. _ Acidify with acetic acid; then add | 0-2 ml of bromine water and mix thoroughly. © 
Add 0-2 ml of arsenious acid solution to remove excess of bromine; remove any | 
bromine vapour by blowing across the mouth of the tube. Mix 3 ml of pyridine — 
solution with 0-6 ml of benzidine reagent, add this mixture to the. contents of the tube, | 
dilute to the mark with distilled water and mix thoroughly. | _ Stopper the tube and — 
allow the mixture to stand in the dark for 25 to 30 minutes at a —s between / 
,. _ Carry out a blank determination on all the r reagents used. aoe aa 
7 = Proceed to determine the cyanide content (including thiocyanate) 
‘metrically, | either instrumentally or by visual colour comparison. = 
__Instrumental method—Measure the optical densities of the test and blank solu- 
tions in a spectrophotometer or in an absorptiometer, using 1-cm cells, and using — 
a wavelength of 52004 in a spectrophotometer or a suitable green filter in an 
_absorptiometer. Use distilled water in the comparison cell. Read the number of 
micrograms of cyanide ion equivalent to the observed uptical densities of the test _ 
and blank solutions from a previously prepared graph, and so obtain 
_ the net measure of cyanide ion in the sample. 
Establish the calibration graph as follows— ‘Bide a 


- Into a series of stoppered tubes measure appropeiate ‘shies of standard t 


aed cyanide solution, covering the range 0 to 2 yg of cyanide ion, and proceed as 
a the test solution. Measure the optical densities and construct a —- 


Visual colour- -comparison method—Compare the colour of the test and standard 
mie Alternatively, proprietary coloured discs may be used in a comparator instead — 
of the standard solutions, and the makers’ instructions should be followed. The - 
analyst must make sure that the results so obtained agree with those given by the 
Whichever method of determination is used (instrumental or visual colour 
Titre of sample. 


) Separate determinations of and thiocyanate nine 


age In another tube, acidify a second similar volume of effluent sample with acetic 
acid. - Bubble a stream os air through the solution for about 15 minutes to remove _ 


_ determine the ‘cyanide as in method (a (a ), commencing at “Add 0-2 ml of pt mre 
This ‘gives the amount of cyanide equivalent to the amount of 
The difference the two results gives the 
Fer 
PRINCIPLE OF METHOD— 


‘ 
red colour of ferric tt the direct addition of. a ferric 
a salt, is compared visually 


‘ 4 
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| 
foe method i is saiealie applicable, but mercuric salts and oxalic acid interfere. _ 
—Itis useful as a rapid method of determination, but it is not a method of the ‘highest _ 
- accuracy since the colour fades in sunlight and its intensity depends on the — —_ 
of ferric salt added and on the presence of sulphate. 7 
; Beat | — for any colour in the sample itself, use is made of mercuric 
_ Ferric chloride solution—Dissolve 10 g of ferric chloride, FeCls. in 1 
Standard thiocyanate solution—Dissolve about 5 g of potassium thiocyanate i in ~~ 
distilled water and dilute to 500 ml. Determine the thiocyanate content by titration 
with 0-1 N silver nitrate solution, —_e Volhard’s method (1 ml of 0-1 N AgNO, | 
5 5:81 mg of CNS’). Adjust the solution so that 1 ml contains 5-0 mg of CNS’. — 
Dilute 10-0 ml this solution t to 500 n ml wi with distilled wat water. er. This; dilute. solution 


1 ml = 01 mg of CNS: 


hime To 501 ml of the filtered « effluent 


solution. Toa perches cylinder containing rather less than 50 ml of distilled water 

also add 0-5 ml.of hydrochloric acid and 0-5 ml of ferric chloride solution. From a 

_ burette add, drop by drop, standard thiocyanate solution to the second cylinder, 7 
- stirring after each addition, until the colour matches that in the first cylinder. 

Note the volume of standard thiocyanate used (x ml). 
a To the first cylinder containing the sample add 1 ml oft mercuric chloride solution _ 

to discharge the red thiocyanate colour. Compare any residual colour with standard - 


_ thiocyanate as described above, and note the volume used (y — oo 
hiocyanate in sample of CNS per litre) = "Vol. of sample, ml 


-Note—Great care must be taken to avoid accidental contamination of the the contents 
a cylinders with mercuric ‘chloride. 


ation,”’ 


ig, fi Williams, H. E., ‘‘Cyanogen Compounds; their Chemistry, I Detection and Estim: 
; ———- Second Edition, Edward Arnold and Co., London, 1948, pp. 168 and 366. . 
Aldridge, W. N., Analyst, 1944, 69, 262; 1945, 
+n 3. Ministry of Housing and Local Government, “Methods of Chemical Analysis as applied | 
_ to Sewage and Sewage H. M. pies Office, 1956, P. 74. a 


In this ‘method, 1 after removal of free chlorine by arsenite, fluorine is steam-— 
‘distilled as hydrofluorosilicic acid in the presence of perchloric acid; the fluoride ion 
is determined by titration, which depends on the bleaching action of fluoride on — 
the thorium lake of alizarin red S20 
For fluoride contents (as between 0-5 and 5 mg per litre of ‘sample, 
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The neck carries a thermometer and a steam-inlet tube, both reaching ews to 


water ‘used for steam be made with oxdiom 


Sodium solution, 1 per cent. 
Perchloric acid, 60 per cent. i 
Sodium hydroxide solution, 0- artes 


‘Thorium nitrate solution—Dissolve 0- 25 of thorium nitrate, Th(NO,), 0, 


in distilled water and dilute to 1 litre. 


Calcium oxide ( fuorde fret can be by th lowing method— 


oa a _, Prepare at an ammonium carbonate 1 reagent by dissolving 110; g of ammonium 
carbonate (analytical-reagent grade) and 55ml of ammonium hydroxide, 
sp.gr. 0- 880, in distilled water and diluting to 600ml. 
bape Dissolve 200 g of analytical-reagent grade dried calcium chloride (70 to 75 + 
_— per cent. CaCl,) in about 600 ml of warm distilled water. + Stir into this solution — 
___--: 20 ml of ammonium carbonate reagent, bring the mixture just to the boiling- — 
point, allow the precipitate to settle for a few minutes and collect it on a Buchner : 


: — using suction. Reject the precipitate. Repeat the precipitation and 
ag three times, using 20 ml of ammonium carbonate reagent each time. | 
Finally, treat the clear filtrate from the last precipitation with the remainder of — 
the ammonium carbonate reagent, stir the mixture well and bring it just to the 


al boiling- point . Allow the precipitate to settle, collect it on a filter and wash it 
a _ several times with hot distilled water until free from chloride. _ Dry it at 100° Pe. 
and ignite to oxide i ina dish i in amounts of 2 gas required. és 


~ Remove any free chlorine _ by adding sufficient (but not an excess of) sodium — 

re _ Preparation of apparatus—Into the Claissen flask measure 0-2 g z of silver aah 
(see Note), 7 ml of distilled water and 15 ml of perchloric acid, and add a number — 
_of fragments of borosilicate glass (or glass-wool if ““‘bumping”’ is experienced). Heat 
the flask until the temperature reaches 120° to 125°C, connect the steam supply a, 
and distil the contents at a temperature of 137° to 140°C. Distil 150 ml during — 
25 to 35 minutes, steam out the condenser and discard the distillate. = 
Determination of blank—Proceed to steam-distil a farther 150 ml, d determine 
the fluoride in the distillate by the method described below. The figure for the blank ~ a 
4 should not exceed 0-0015 mg of fluoride and should remain approximately constant © 
___ Determination of fluoride—Cool the con contents of the flask and add 20 ml of the 
-effiuent the neck of the flask with 1 to 2 ml of distilled water. — 
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apparatus—The apparatus, of borosilicate glass, consists of a 100-ml | 4 
n 
water and dilute to 100 ml. 
: 
| 
i. 
a 100-ml Nessler cylinder, titrate 50 ml of the well mixed distillate 
4 _ ss with 0-05 N sodium hydroxide solution, using a drop of methyl orange indicator ae vd 
4 


of distilled water and a ‘drop of orange indicator solution. 


Transfer the 1e remaining 100 ml of distillate (or a suitable aliquot: diluted 
100 ml, if the fluoride content is high) to a Nessler cylinder and add the requisite 
amount of 0-05 N hydrochloric acid to make the total acidity equal to 5-0 ml of 
0-05 N acid. Prepare a control cylinder containing 5-0 ml of 0-05 N hydrochloric - 
acid diluted to the same volume with distilled water, and add to both cylinders _ 
3 ml of alizarin red S solution. To the test cylinder add thorium nitrate solution — 
from a burette until a ‘slight pink colour persists when compared with the yellow 
of the control cylinder. Add an exactly similar volume of thorium nitrate solution 7 
to the control cylinder, which then becomes more pink than the test cylinder; then | 
slowly from a burette (graduated at 0-02-ml intervals) standard fluoride solution 
until the tints of the test and control solutions match. The volume of standard | “ 
— fluoride solution added corresponds to the amount of fluoride present in the portion | 
Calculate the amount of fluoride present in 150 ml of distillate, subtract. the 


"figure obtained for the blank and express the net fluoride content as milligrams per 

- PROCEDURE FOR EFFLUENTS CONTAINING APPRECIABLE AMOUNTS OF ORGANIC 


en. Measure 20 ml of the effluent sample into a platinum basin, add 1 g of fluoride-_ 
_ free calcium oxide and evaporate the contents to dryness on a water bath. Transfer 7 
the basin and residue to a muffle furnace maintained at approximately 600° CG 
ignite for 14 to 2 hours, and cool. Using not more than 20 ml of distilled water 
acidified with perchloric acid, wash the contents of the basin into the distillation _ 
flask and proceed to determine the fluoride content as described under (a) above. 
J ate Tie silver sulphate added must be in excess of the equivalent : amount of chloride — 
épresent in the effluent and more than 0-2 g should be added if necessary. 
Analytical Met Methods Committee, Analyst, 1944, , 69, 243. 
| OF METHOD 
4 this method, the formaldehyde reacts in the presence 
an excess of an ammonium salt to form a yellow compound, diacety 
a For formaldehyde contents up to 8 mg per litre of sample. 
sy Distillation of the s sample is included to reduce interference. A full investigation , 


. ef of interfering substances has not been made, but it is known that phenols up to 


200 mg per litre do not interfere. > 


cetylacetone re reagent—Dissolve 150 g Yr ammonium in = 
- add 3 ml of glacial acetic acid and 2 ml of acetylacetone, and dilute to 1 litre with 


“aa Sodium sulphite solution—Dissolve 250 g of sodium Na, 2505 7H 0, in 


about of ‘technical ‘solution into a a 100- ml cali- 
brated flask and dilute to the mark with distilled water. _ Measure 2 5ml from 
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 formaldehude solution (about 40 per_cept_w/y of formaldehydel as follows 


into a 250-ml flask, add a drop of indicate solution 


Poon and neutralise with N sodium hydroxide solution. Add 2 drops of thymol- 

a phthalein indicator solution to 50 ml of sodium sulphite solution and neutralise — 
- is it. Add this sodium sulphite solution to the neutralised formaldehyde em 


Calculate the formaldehyde content of the diluted formaldehyde silanes 4 


and immediately before use prepare a solution such tht— 


Thymolphthalein indicator solution—A 0- cent. . solution i in ethanol 


10 ml of distilled water. ye the flask by means of a glass joint to a water- west 
condenser and distil 50 ml of the solution into a 100-ml measuring cylinder. Add i 
_ 60 ml of acetylacetone reagent, and t transfer the mixture to a -stoppered flask and 

= Carry out a blank procedure on all the reagents used. 
_ Cool the solutions and measure the optical densities in a spectrophotometer — 
or in an absorptiometer, using a l-cm cell and using a wavelength of 4250 in a 
_ spectrophotometer or a suitable violet filter in an absorptiometer. Use distilled 
- water in the comparison cell. Read the number of milligrams of formaldehyde 
equivalent to the observed optical densities of the test and blank solutions from — 
a previously prepared calibration graph, and so obtain the net measure of e of formalde- a 
_ Establish the. calibration graph as follows— 
— teem Into a series of stoppered flasks, measure appropriate amounts of the 
diluted standard formaldehyde solution, covering the range 0 to 8 mg of for- — 


maldehyde per litre, and dilute each to 50ml. Add 50 ml of acetylacetone — a 
‘reagent and proceed as for the sample. Measure the optical densities, using a 4 


1 -cm cell, and construct a graph relating the optical densities to the number vj 


oe New. If the » effluent sample contains ns more than 8: mg : of formaldehyde per litre, dilute 
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aa In this method, the total iodine equivalent of sulphite | aa thiosulphate is 
determined; in a separate portion sulphite is masked by Pee and the 
ee equivalent of the is determined. 


sulphite contents (as. $04") greater er than 2 mg per litre o of 
for thiosulphate contents 203° greater than 5 mg per litre of sample. 


the as milligrams of ‘per Hee. of sample. 


‘The n method ‘is generally applicable. Sulphide interferes and, if present, is i 
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bali Zinc finely divided. 

_ Formaldehyde solution, 40 per cent.w/v. 

Potassium iodide solution, 10 per cent. w/v. 
o odine solution, 0-01 N—This solution Should be freshly vena. 


and thiosulphate—It sulphide is present in effluent sample, 


Sodium thiosulphate solution, 0-01 N—This solution should be 


4 ‘sufficient zine acetate solution to precipitate the sulphide and filter off the zinc 
sulphide. Alternatively, shake the sample with an excess of finely divided zinc 
"carbonate, allow the precipitate to settle and then filter. If sulphide is to be deter- _— 
ni _ Measure 200 ml of the filtrate (or of the effluent sample if sulphide is known to _ 
be absent) into a 500-ml flask containing 25-0 ml of 0-01 N iodine solution and _ y 


2 ml of hydrochloric acid, pouring the sample carefully down the side of the flask 


mixing gently.  Titrate the excess of iodine with 0-01 N sodium thiosulphate 
solution, adding the starch indicator solution near the end-point. = 


--‘Thiosulphate alone—To a further 200 ml of effluent sample or filtrate add 5 ml —- 
formaldehyde solution, and then 2 ml of acetic acid and 2 ml of potassium iodide 
_ Solution.  Titrate with 0-01 N iodine solution, using starch indicator solution. _ 
_ The difference between the two values for the iodine equivalents gives that 
ml of 0: O12 N iodine solution = 0-4 mg of sulphite (as SO,”), or 


0-56 5 mg of f thiosulphate (as S,0,' 


the results a as milligrams of sulphite or per litre sample. 


1 Pose, D. N., and W Wilkinson, N. Appl. Chem., 


nian ‘THE DETERMINATION. OF OXYGEN IN BERYLLIUM BY THE _ 
MICRO VACUUM FUSION METHOD 


IN a recent ; paper, we pointed out that the determination of « oxygen in by micro 


vacuum fusion method was and that further investigation was 


this investigation was a sample of beryllium in which the distribution of oxygen was uniform. 
In the preliminary work, most of the materials examined showed considerable heterogeneity with _ 


| respect to oxygen content, but eventually a rod that had been fabricated by powder extrusion _ 


was obtained, which from analyses by a chemical method? appeared to be suitable as a reference © 


Numerous variants of the technique used in the analysis of zirconium were tried with this . 


4 paee ng but without success, , it being apparently impossible to achieve satisfactory solution of the ; 


beryllium : in the platinum “bath.” The problem was eventually solved by the addition of about ef 
60 mg g of tin foil to the bath, both before the addition of any beryllium and together with each “ 
sample. _ This had a spectacular effect as regards suppression of the evaporation of the beryllium, 

and the results for oxygen were consistent and in excellent a dong with those by a chemical . 
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April, 


é Pi “oe An experiment was carried out with pera weights of 20 to > 30 mg and at a temperature peo 
of 1950° + 20° Cc. T The bath contained 3 g of and 60 to 70 mg were with 

found by: chemical method, % 0-31 (mean 6 Standard deviation = + 0- 03% of de 

‘This experiment was repeated with smaller sample weights (7 to 12 mg), so that the amount 5 (see ] 
of eeegiiieat in the bath was reasonably small. Two different series of determinations gave thei 


found, % 030 026 0. 30 0:30 (027 0-24 


Mat 
In series (b), a bluish violet occurred | furnace during the « 
‘ the last three samples. This discharge had been observed sporadically in earlier a. 
_ but hitherto had been of short duration and could be extinguished by switching the heater off 
_ momentarily. In this instance; however, it was continuous, could not be extinguished and is 

thought to indicate the presence of beryllium vapour. _ Repetition of series (b) gave 0- 36, 0- 30, 
0-27, 0-32, 0-29, 0-32, 0-28, _ 0-19 and 0-15 per cent. of oxygen, 
“fall off’’ in apparent oxygen content continued to appear in subsequent’ 
- despit - variations made in the amounts and ratios of beryllium, tin and platinum. Occasionally, 


or r ten samples to 120 mg of have been before the 


ps: __ Nevertheless, it was considered that a autisinctory technique had been established and analyses 


chemical and vacuum fusion methods being satisfactory. 


OxyGEN: DETERMINATION IN BERYLLIUM POW 


As a final check, the method was ry toa , sample of — _200- mesh B.S.S. beryllium powder. 
The sample weights taken were 8 to 14 mg enclosed in platinum tubing and the temperature | 
used was 1950° + 20°C. The bath contained 3 go of platinum and 60 t to 7 70 0 mg of tin were added 


Ww each the results being as follows— Art | 
Oxygen found, % 1-0 0-72 G73 1-0 0-92 0-93 0-82 0-86 0-63 0-73 0-93 0-73 0-84 0-96 0-82 10 
a 0-85% Standard deviation = +0- 09% 


> 


_ Oxygen found by chemical metliod, % 9-83 (mean of 10 determinations) Standard deviation = + 0-07% ] 


‘The micro vacuum fusion! ‘method has been applied to the determination of 


_ With many of the samples | pxamined, the spread of results is such that a single determination 
_ may not produce a figure representative of the bulk material. — ‘This, however, must be attributed : 
_ to non-uniform distribution of oxygen in the metal, since results on the reference sample have | i 
pre shown a coefficient of variation of 8 per cent., which is generally conceded to be . | 


Booth, E., Bryant, F. and Parker, A., Analyst, 1957,82,57. 


Wallace, Atomic Energy “Research Establishme C/R 2090, Harwell, 1957. 
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| THE DETERMINATION OF THE OXYGEN CONTENT OF SODIUM _ a | 
BY THE BUTYL BROMIDE METHOD 


_ Tue success of determining the oxygen content of sodium metal by the butyl bromide method? a 


in the parts per million range depends largely on accurate acidimetric end-point detection by using 
_ indicators or potentiometric end-point methods. — After the reaction between the sodium metal | 


and the butyl bromide, the bromide - -oxide mixture is dissolved in water. - The dilute sodium 
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| hydrochloric acid, and rotendaenet of the end-point, even when a glass electrode indifferent to the 
presence of sodium ions is used, is subject to large error (see Fig. 1), sts 
5 Consideration was given to the use of ethanol as the solvent in the titration instead of water. 
) The low solubility of sodium bromide in ethanol (2-3 g in 100 g at 29° C*) would result in a lowering — 


_ \| of the effective concentration of sodium bromide. A statistical ‘survey was made of the accuracy ii 


of detecting the end-point in aqueous solutions Fig. 1 1) and in wate r- ethanol mixtures 


Ld 


ra of 10 ml of 0- -002 N sodium hydroxide rs 
(diluted to 100ml) containing 5g 
sodium bromide against 0-005 


re 


End-point, ml of hydrochloric a 


Water content, by volume 
"Influence of the 


ater content, vo ume tle 
of ‘water in a titration mixture 


Fig. 3. Depression of the end- 


‘Ten millilitres of 0-002 N diluted to | walter ethanol 
|} were > saturated with bromide and titrated against 0-05 N hydrochloric acid from a apres soll 
with methyl | red as indicator, no precautions being taken to eliminate the effect of carbon 
) dioxide. A se series s of eight titrations was carried out with a Progressive it increase in the water = 


. 835 
| 
ture 4 
with > 
0 
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a ~ content of the solution. The standard deviation was plotted against ‘the water content (see “J 
_ ‘ig. 2). It was also noted that the absolute amount of titrant decreased as the water content/j secon 
the mixture increased. This was shown by the end-points against the water} per 11 
, wae It is evident that the titration can be carried out with ‘good precision and accuracy with the >. 


sheet 

sg bromide) does not exceed 10 per cent. by volume. It is recommended that the sodium Screv 

7 7 sodium bromide mixture should be allowed to react with the requisite volume of a} and > 
90 to 95 = cent. by volume water mixture when following the Procedure, abou 


jun., Anal Chem., 1954, 26, 210. 

Chief Chemist, Chemical dervices Windscale, declassified report WSL/M-530, 1954. sligh 
ilverman, L., and Shideler, M., Anal. Chem., 1955, 27, 1660. “4 

Whiteley, M. A., “Thorpe’s Dictionary of Applied Chemistry,” Fourth Edition, Longmans, Green |j by © 


Co., London and New York, Volume X, 1950, p. | 
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AUSTRALIA 


_ ConsistING essentially of a controllable timer, the arrangement shown in Fig. 1 is iby in con- 


- junction with an Gettoemagnetis control valve!:? for dispensing fixed volumes of liquids, such as 
ites or stains, and for the filling of nee pace etc. Since reagent additions can be pro- 


All parts are enclosed in a 6 s-inch x 4-inch high box. 
at. F 

fo 


= ‘single-throw main switch 


50-uF electrolytic condenser S; Single-pole single-throw time-range switch 
Sensitive relay, coil resistance ,500 ms S, = Push-button continuous-delivery switch 
50,000-ohm variable resistance pa a > T= PHP junction transistor (Raytheon type 


- 1000-ohm resistance CK722, orequivalent) j= 

When main switch S, ‘is closed, current from battery B, can flow briefly through the base- 
emitter path of transistor T and through resistances R, and | thereby charging condensers § 
C, and C,. When charging is complete, the base-emitter ‘current falls almost to zero and greatly) 
‘reduces the current in n the collector- emitter contacts of d R ‘then open and flow 


causes liquid to be delivered until changing is again ‘For a given condenser, the period 
7 of charging, and hence of delivery, increases as the effective resistance of R, is increased. — With | 
_ switch S, closed, R, can be set to give any delivery time witl in the approximate limits of 1 to ry 
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I seconds. * When Ss, is opened, both limits are reduced bya a factor of about 6 delivery 
§ per impulse of a single drop or less. Continuous delivery i is obtained by depressing the push-button 


_ The construction of the “‘brief-contact” switch is shown in Fig. 2. The frame, A, of 18- “gauge 


} sheet metal, has two holes, BB, by which it can be bolted to the underside of the control panel. 


Screwed to the frame is hardwood mount C, which carries spring contact blades D and E. These 


j and their separators were taken from an old telephone relay, and are set with a contact gap of — 


about 0- Ol inch. Hardwood operating block F, normally forced upwards by spring G, is mounted — 


} on two axially disposed wood-screws, H and I, only the smooth unthreaded portions of which _ 


depression of push-button L, the pawl carries blade D downwards for about inch and then 


project from the block. Since it presses lightly against the back of the frame, the block cannot 


j} rotate, but can move up and down. It carries sheet-steel pawl J, the tip of which is smooth, Bae 
‘} slightly radiused and preferably case- -hardened. _ The projection of J from the block is adjusted _ 
by cam K, which, as can be seen from Fig. 2 @, is a short length of brass tubing sweated © 


eccentrically on to the upper part of a wood-screw. The projection is adjusted by trial until, on — 
releases it. _ This blade over- sonnei its normal position, - momentarily closing the contacts and 


_ When the push-button is re released, the pawl swings slightly 
about its a axis sand does not close the contacts. if the sw itch cannot be used in the vertical position, 


« 
2. "Details of “brief- contact” switch: (a), view 
‘2 poe top view (diagrammatic) ; (c), side view (sectional); (d), enlargement of 


Any positive-acting ‘sensitive relay c can be used, provided that the contacts close with an . 
input not greater than 1 mA and re-open when the current falls to about 0-5 mA. The voltage — 
of battery B, can be reduced if a relay of coil resistance less than 10,000 ohms is available. x If he 
this resistance is not more than about 5000 ohms, B, can be omitted and, by slight re- wiring, — 


} a -single-pole switch can then be used for S,. Since the drain on the batteries is only about 1 mA, a 


is mainly by shelf-life. The solenoid the control valve and the 
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REVIEW 


OF WATER PER DEPRESSION OF THE PUSH- BUTTON 
Volume of wates delivered, ml 


0-65 063 067 063 
set at minimum r tR, set at maximum resistance. 
‘For a given cctting. of R,, the volume deliv ered per depression of L ‘naturally depends upon 
the hydrostatic pressure and the outlet resistance, including that of the control valve. For best 
_ results, the valve should have a small lift and a fairly low resistance, the actual rate of flow being | 
_ fixed by a fine-control stopcock* mounted above the valve. Reproducibility is largely dependent 
on control-valve characteristics; typical results for sets of 5 successive deliveries are given in 
Table I. These refer to a constant head of 70cm of water; after each set, R, was s adjusted to 
-Penther, Cc. and Hallikainen, E. Instruments, 1943, 


Brown, 1. F., and Volume, W. F,, 308. ip 


Book Review 


HypRocEn Tons: DETERMINATION AND IMPORTANCE IN Pons A AND INDUSTRIAL CHEMISTRY. 


Volume IT. H.T. S. Britton, D.Sc., D.L.C., F.R.1.C. Fourth Edition. P 
y p. x 


— hose not already familiar with the Third ‘Edition of ““Britton’s Hydrogen Ions” will find this 
_ volume weighted slightly on the side of industrial rather than pure chemistry. The subjects 
dealt with are: oxidation - reduction processes; titration in non-aqueous media; precipitation of 
nydvonides, basic chromates, carbonates, silicates, sulphides and normal and basic phos- 


of metals with « organic r reagents; " electro- -deposition; tanning ‘processes; "sugar and paper manu- 
- facture; brewing; baking, water purification, corrosion and sewage disposal; ceramics; —— 
dyeing; ore flotation; and the pH of milk and hens’ eggs. 
__ This new edition of Volume II contains all the material presented in the Third Edition, the 
tex being brought up to date by the inclusion of some 50 additions, sometimes of only a few lines, | 
but usually of one or two paragraphs, with the exception that the chapter on the titration of acids — 
and bases has been considerably enlarged. _ The result has been to increase the size of the book 
ia The complete revision of the chapter on titration in non-aqueous media will be particularly — 
__ welcomed by analysts because of the growing use of this technique and a reliance that must I be — 
placed on pH equipment for a preliminary study of any new titration. - On the other hand, analysts ’ 
will not ‘find the chapter "Analytical Processes Inv olving pH” a oa value, since close control i 


clearly owing to the increased ‘availability of accurate pH meters. 
Although automatic pH recording is mentioned in several places, no description is given of © 
- equipment more recently to meas probably ‘because the author in general avoids the 
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nee is still a valuable reference book and much of the » 
is of fundamental importance, but, with the majority of the references dated before 1940, one ? 


vonders if the industrial picture presented is truly representative of present-day practice. eS 


'HROMATOGRAPHIC TECHNIQUES: CLINICAL BIOCHEMICAL APPLICATIONS. Edite dited by Ivor 
} Smirx, BSc., Ph.D., F.R.LC. Pp. xiv + 309. London: William Hein 

rie HANDBOOK ON THE CARE AND MANAGEMENT ‘OF LABORATORY ANIM ALS. E 


BS » MRCVS., F.RLC. , and W. Lane- -PETTER 
M. M.B., Chir. Edition. Pp. x xk + 951. London: The Universities Federa 


emann Medical 


for Animal Welfare. 1957. Price 70s. bry? : 
-URITY ConTROL BY THERMAL ANALYSIS. of the International Symposium on Purity. 
= Control by Thermal Analysis, Amsterdam, 1957. Sponsored by the I.U.P.A.C. and 
. organised by the Committee on Physico- ‘Chemical Data and Standards. © Edited by W. M. | 
; Sit. Pp. "xii + 182. Amsterdam: Elsevier Publishing Co. ; London: Cleaver-Hume 
Press Ltd.; New York: D. Van Nostrand Co. Inc. 1957. Price 24s.; $4.85. 
IRGANIC By Bruno JircEensons. Pp. xiv + 655. . Amsterdam: Elsevier Publishing 
; London: Cleaver-Hume Press Ltd.; New York: D. Van Nostrand Co. Inc. 58. 
BRITISH PHARMACOPOEIA 1958. Published under the | Direction of the General Medical Council. 
|. Pp. xxvi + 1012. London: The Pharmaceutical Press. 1958. - Price 63s. ad 
PROGRESS IN STEREOCHEMISTRY. Volume II. Edited by W. KLynge, M. A., D.Sc., Ph. D., and _ 
- P. B. D. pE La Mare, Ph.D., D.Sc. Pp. Vili + 323. London: Butterworths Scientific 
> Publications; New York: Press Inc. 1958. Price 
JISINFECTANTS : THEIR VALUES AND FINCH. Pp. 188. London: 
MANUAL OF PAPER AND PAPER ELECTROPHORESIS. By! RIcHarD J. 
Emmett L. DurRvuM and GUNTER Zweic. Second Edition. Pp. xii + 710. Y York 
and London: Academic Press Inc. 1958. Price $12.80; 
RD METHODS FOR TESTING PETROLEUM AND ITS Propucts. . Seventeenth Edition. Febru- = 
ary 1958. 3 Pp. xxiv ee 788. 7 London: The Institute of Petroleum. 1958. Price 40s. Sie, 
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London and Glasgow: Blackie & Son Ltd. 1958. Price 12s. 6d. 
TANDARD METHODS FOR TESTING TAR AND ITS -Propucts. Fourth Edition. Pp. xxvi + 585. 
nr. Leeds: Standardization of Tar Products ‘Tests Committee. 1957. Price 
JUALITATIVE TESTING AND INORGANIC CHEMISTRY. By JOSEPH NORDMANN. Pp. xii + 488. 4 
York: John Wiley & Sons Inc.; London: Chapman & Hall Ltd. "1957. "Price: $6.25; F 
‘RACE “Edited by Joun H. Yor, M.S., M.A., Ph. D., and HENRY 3 A. 


- D. Pp. xiv + 672. New York: John Wiley & Sons Inc.; London: Chapman & Hall & 
:MULSIONS: THEORY AND PRACTICE. By PAauL BECHER. Pp. x+ 382. New York: Reinhold 


Publishing Conperation; London: & Hall Ltd. 1957. Price $12.50; 100s. 
‘ A moricon Chemical Society Monograph No. 


ABID., p. 136, 18th line of text. For ‘ ‘constituents read “compositions.” paling 
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FORMERLY THE SOCIETY va tit PUBLIC ANALYSTS AND OTHER ANALYTICAL CHEMISTS” 


study “questions to the ‘nature and. ‘composition of ‘and manu- 
~ factured 1 materials generally; and to promote, or assist to promote, the efficiency and the 


a administration of the laws relating to the control and composition of such materials. 


= = analytical literature of the world. 


__ The Society includes members of the following classes: -—(a) Ordinary Members whoj 
are persons of not less than 21 years of age and who are or have been engaged in analytical, } 
_ consulting or professional chemistry; (b) Junior Members who are persons between the ages 
of 18 and 27 years and who are or have been engaged in analytical, consulting or professional 
chemistry or bona fide full-time or part-time students of chemistry. Each candidate for 
election must be proposed by three Ordinary Members of the Society who shall — 


of a candidate not residing in the United Kingdom aig is before the 

_ Council and the Council have the power in their absolute discretion to elect candidates or to 
suspend or reject any application. — 

_ above the age of 21 may become an Ordinary Member if he so wishes. A member ceases to 

fe J be a Junior Member on the 31st day of December in the year in which he attains the age of 

_ 27 years. Junior Members may attend all meetings, but are not entitled to vote. Me MEM 


The Entrance Fee for ' Ordinary Members is {1 1s. and the Annual Subscription is £3 3s. 
- Jno Members are not required to pay an Entrance Fee and their Annual Subscription is 
£1 1s. No Entrance Fee is payable by a Junior Member on transferring to Ordinary Member- 
ship. The Entrance Fee (where applicable) and first year’s Subscription must accompany} 
the completed Form of for Membership. Subscriptions are due on January Ist] 


Scientific Meetings of t wi Society are usually | held on the first Wednesday in October, 
oN ovember, December, February, April and May, in London, but from time to time meetings 
_ are arranged in other parts of the country. The Annual General Meeting is usually held 
- in London on the first Friday in March . Notices of all meetings are sent to members by 


All members of the Society have the { priv ilege of using the Library of The Chemical 
Society. details about this facility can be obtained from Librarian, The Chemical §j 


a The Analyst, the official organ of the Society, is viewed monthly, to all Ordinary and| 
at Junior Members, and contains reports of the proceedings of the Society, original papers and 
_ notes, information about analytical methods, Government reports and reviews of books. In 
addition, all Ordinary Members receive e Analytical Absivacts, providing a aaa index ee 
Forms of application for eiealbasiiiate of the Society may be obtained from the Secretary, 
The Society for Analytical Chemistry, 14 Belgrave Square, London, S.W. 
LOCAL SECTIONS AND SUBJECT GRO 


THE North of England, Scottish, Western and Midlands Sections were formed to promote the 


vd aims and interests of the Society among the members in those areas. The Microchemistry, 


oe Physical Methods and Biological Methods Groups have been formed within the Society to 


a further the study of the application of microchemical, physical and biological methods of 
_ analysis. All members of the Society are eligible for membership of the Groups. ee. is 
‘The Sections and Groups hold their own meetings from time to time in « different places. 


is no extra subscription for membership of a Section or Group. for} 
as a member should be made to the Secretary. 
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